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ABSTRACT

The Effect of Erosion Control Structures on the Distribution of Selected Nutrients
and Metals in the Sediments of the Las Vegas Wash

by
Tracy Marie Boettcher
Dr. Charalambos Papelis, Examination Committee Chair
Director, Water Resources Management Program
University of Nevada, Las Vegas

The Las Vegas Wash (Wash) channels the Las Vegas Valley’s (Valley) treated
wastewater, shallow groundwater, urban runoff, and stormwater runoff before terminating
in Lake Mead at Las Vegas Bay. The population increase in the Valley has caused a
dramatic increase in the flow of the Wash due to urbanization and increased wastewater
effluent. Erosion control structures have been constructed to reduce erosion. These
structures affect the flow of sediment through the Wash and might affect the distribution
of potential contaminants in a way that can negatively impact plant and animal life.
The ehemieal constituents examined in this study are arsenic, boron, selenium, and
phosphorus. Sediment samples were collected from above and below each of the erosion
control structures using appropriate sampling techniques to obtain representative samples.
Physical characterization of the samples, including particle size distribution, surface area
analysis, particle morphology, and mineralogy, was performed. The elements of concern
were extracted from the sediments and analyzed to determine concentrations. The
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physical characteristics of the samples were compared to the concentrations in order to
determine the relationship between those characteristics and the distribution of the
elements. In addition, elemental concentrations were compared to the location of the
samples along the Wash to determine how the erosion control structures might affect
elemental distribution. The results show that samples with the following characteristics
are more likely to have higher than average concentrations of selenium, arsenic, boron,
and phosphorus: (1) contain lower percentages of quartz, (2) contain higher percentages
of calcite and dolomite, (3) are from locations immediately downstream of an erosion
control structure, or (4) have an above average surface area. Additionally, restoration
activities that disturb bank soils and sediments in the Wash may help to elevate levels of
the elements of interest near those areas, at least temporarily. The age of the structure
may also be a factor in higher than average accumulation of selenium, arsenic, boron, and
phosphorus. Shallow groundwater might be an additional source of the elements
considered.
This study shows the significance of detailed sediment characterization in the
interpretation of elemental distribution trends within the Wash. This approach will be
useful in future studies within the Wash and in other urban watersheds in arid and
semi-arid regions.
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CHAPTER 1

INTRODUCTION
The exponential population growth in the arid and semi-arid areas of the southwestern
United States has greatly impacted the environment in those locations. Extensive changes
to the flow of water in urban desert areas have created wetlands that support a variety of
plant and animal life. The Las Vegas Wash (Wash) is one such system. The Wash is
representative of other urban watersheds in the southwest because it is heavily managed
in order to mitigate for flood events and sediment-related impacts.
Meeting the needs of both the growing human population and of the plants and
animals in an area like the Wash can be complicated, especially when the system has not
been fully studied. While water quality data is plentiful for the Wash, there is very little
data available on the quality of the sediments. The project described in this document is
meant to address the lack of sediment data for the Wash, specifically in terms of how the
sediments correlate to the concentrations of potential constituents of concern, such as
selenium, arsenic, boron, and phosphorus. Results determined in the Wash will not only
aid in the management of the Wash itself but might also be correlated to similar
watersheds and help in the management o f those as w ell.

The Wash (Figure 1) is a fragile and important part of the Las Vegas Valley (Valley)
watershed. At the beginning of the 20* century, most of the Wash was ephemeral as it
only carried storm runoff (Covay et al. 1996; Las Vegas Wash Coordination Committee

1
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(LVWCC) 1999). As the population of the Valley grew, so did the amount of wastewater
that was produced. In 1954, the Clark County Sanitation District was formed (LVWCC
1999). By 1957, both the county wastewater treatment plant and the newly relocated City
of Las Vegas treatment plant had begun discharging effluent into the Wash (Stave 2001).
As a result of these events, the Wash became a perennial stream (LVWCC 1999).

I

&

w ash

Figure 1.

Map of Las Vegas Wash ( LVWCC 2007)

Prior to perennial flow in the Wash, only small areas of wetlands existed. However,
as the perennial flow increased so did the amount of wetlands and riparian habitat (Stave
2001). These wetlands sustain vegetation that helps to clean water flow ing to Lake Mead.

Additionally, the wetlands provide habitat for many animal species.
As the population of the Valley exploded during the last sixty years, the flow through
the Wash was amplified due to increases in wastewater effluent, stormwater runoff.
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shallow groundwater, and urban runoff (LVWCC 1999; Stave 2001). The erosion,
associated with increased flow, caused an increase in the sediment load and turbidity in
Lake Mead. In an effort to manage the Wash system more effectively, the Las Vegas
Wash Coordination Committee (LVWCC) was formed by several local agencies in 1998.
Since its inception, the LVWCC has helped to implement several erosion control
structures along the Wash in order to combat the erosion problem and has several more
structures planned (LVWCC 1999).
The Wash gently slopes down in elevation as it travels to Lake Mead. Prior to the
construction of erosion control structures in the Wash, sediment flowed unimpeded and
was deposited in the Las Vegas Bay delta. The addition of the erosion control structures
has affected the flow of sediment through the Wash. As water approaches a structure, the
flow is slowed. This gives sediment particles time to settle out of the water, upstream of
each structure. Constituents of concern may already be sorbed on the sediments prior to
settling or may partition from the water to the sediments. Because sediments generally
have fine particles, surface areas of sediments can be large, and so sediments can
potentially contain high concentrations of metals and nutrients (OSARAF 2007). Prior
studies in the Wash indicated that selenium, arsenic, boron, and phosphorus
concentrations in the sediments might be high enough to be of concern and deserved
further evaluation (Papelis 2004). Hence, the current research focuses on these four
elements and also on putting the concentrations of these elements in context by
correlating them to sediment characteristics.
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Research Objectives
The overall objectives of this research are to develop methods that: (1) can be used to
understand the impact of erosion control structures on nutrient and metal distribution in
the sediments of the Wash and (2) will be applicable in other semi-arid regions. In order
to have data that will be useful elsewhere, it is necessary to correlate the measured
elemental concentrations to sediment characteristics. These correlations will give context
to the data collected and make the data useful for comparisons with future research
locally or in similar areas.
Five specific objectives were completed in order to meet the overall objective: (1)
collection of sediment samples from upstream and downstream of the erosion control
structures, (2) physicochemical characterization on the collected sediment samples with
respect to specific surface area, particle size distribution, particle morphology, and
mineralogy, (3) extraction of arsenic, selenium, boron, and phosphorus from the sediment
samples and determination of the concentrations of those elements for each sample
location and depth, (4) determination of how erosion control structures and the physical
soil characteristics of the sediments affect the distribution of the elements in the Wash,
and (5) determination of areas that contain elemental concentrations high enough to be of
concern.

Hypotheses
The objectives will be accomplished by testing the following hypotheses: (1) the
concentration of selenium, arsenic, boron, and phosphorus will increase immediately
upstream of the erosion control structures because the sediments in those areas will act as
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a sink, (2) the element concentrations will have an overall decrease in the downstream
direction due to the sediment sinks located upstream of the structures, (3) the higher
element concentrations will be associated with sediment samples that have higher
specific surface areas, (4) the areas along the Wash that have experienced recent
construction will have elevated concentrations of selenium, arsenic, and boron due to
recent soil disturbances.

Thesis Organization
In addition to Chapter 1, which gives an introduction to the study and states the
objectives and hypothesis, this thesis is divided into four additional chapters. Chapter 2
provides background information on the Wash, the erosion control structures, and the
elements of interest. Chapter 3 provides the methods used for sample collection,
physicochemical characterization of the sediments, extraction and analysis of the
elements from the sediments, and evaluation of both the characterization and elemental
data. Chapter 4 presents and discusses the results of the physicochemical characterization
of the sediments, as well as the extraction and analysis of the elements from the
sediments. The conclusions of the study are presented in Chapter 5.
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CHAPTER 2

BACKGROUND INFORMATION
Prior Studies
A literature review was performed to find sediment or water quality data for selenium,
arsenic, boron, and phosphorus from the Las Vegas area. In addition to the studies
described below, water quality data were retrieved from the U.S. Geological Survey
(USGS) National Water Information System (NWIS) website for the Las Vegas Wash at
the Pabco Road station (#09419700) and from the LVWCC mainstream water quality
monitoring program for several sites in the Wash.
Several studies reported in the literature analyzed the groundwater in the Valley.
These studies could show whether or not the groundwater seeps in the Wash have the
potential to be sources of selenium, arsenic, phosphorus, or boron in the sediments.
Dettinger (1987) discussed the development of a well monitoring network for
groundwater quality in the Valley during 1981 to 1983. During development of this
network, water from more than forty valley wells was collected and analyzed for a
variety of parameters, including selenium, arsenic, orthophosphate, and boron.
Concentrations of arsenic were found to be above the 10 |Xg/L Environmental Protection
Agency (EPA) Maximum Contaminant Level (MCL) for drinking water in several Valley
wells. Additionally, several wells had phosphorus concentrations above the 200 |Xg/L
Total Maximum Daily Load (TMDL) calculated for the Wash.
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Bashor (1994) conducted a study in the early 1990’s on shallow groundwater
contamination by selenium and other constituents in the Valley. This study found that
selenium levels in the samples, which were taken from shallow groundwater monitoring
wells around the Valley, were higher in wells from developed areas than in wells from
undeveloped areas. Selenium was observed to be concentrated in the upper portion of an
undisturbed soil sample, but could be mobilized into the shallow aquifer by the
infiltration of water used to irrigate grass and turf. These results indicate that the
groundwater component of the Wash could be a source of selenium.
Laney and Bales (1996) discussed part of a study conducted in the Lake Mead
National Recreation Area to identify and evaluate water resources in the area that could
be developed as potable water supplies for campgrounds and marinas. Water samples for
this sub-study were collected from springs and wells between the Las Vegas Wash and the
Virgin River and analyzed for a variety of parameters including orthophosphate and
boron. Several wells had phosphorus concentrations above the 200 |Xg/L TMDL for the
Wash.
Suarez (1999) conducted research in the late 1990’s to determine an elemental
signature analysis method to differentiate between groundwater and treated Lake Mead
water. Groundwater samples were collected from private wells and recharge wells in the
Valley and analyzed for more than 50 elements, including selenium and arsenic. Several
wells in the southeast part of the Valley had arsenic concentrations above the 10 |Xg/L
drinking water MCL.
In addition to the groundwater analyses reported in the literature, there were also
studies reported that analyzed sediments in the Wash for selenium, arsenic, boron, and
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phosphorus. The results of these studies may be comparable to the results of this thesis if
similar extraction and analysis techniques were used. Bevans et al. (1998) discussed the
water and sediment quality assessments between 1992 and 1996 in the Nevada Basin and
Range (NVBR) unit that were part of the National Water-Quality Assessment (NAWQA)
Program. The NVBR unit consisted of the Las Vegas Valley and the Carson and Truckee
River basins. The data collected from the analysis of the sediment samples was compared
to twenty other NAWQA sites that were studied during the same period. Some trace
metals, including selenium and arsenic, were found to be in higher concentrations
(between the national median and 75* percentile) in the Wash and Lake Mead sediments
when compared to the other national sites. Urban drainage was determined to be the
cause of these elevated element levels. These results show that the sediments in the Wash
tend to have higher concentrations of selenium and arsenic than other areas of the U.S.
Cizdziel and Zhou (2005) collected surface water, groundwater, and sediment
samples from several locations in the Wash during 2002 and 2003 as part of an
environmental monitoring and assessment study on the Wash and its tributaries by the
Southern Nevada Water Authority (SNWA). The samples were analyzed for several
constituents, including selenium. The main selenium inputs to the Wash area were
determined to be urban runoff and resurfacing groundwater. Both can have higher
concentrations of selenium due to contact with Las Vegas soils, which are known to be
seleniferous.
In 2003, a project conducted by the Division of Hydrologie Sciences of the Desert
Research Institute, as part of a bioassessment for the SNWA, set out to determine baseline
conditions of potential constituents in the sediments along the Wash (Papelis 2004).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Samples were taken from four different sites and analyzed for a variety of organic and
inorganic contaminants. Once concentrations for each of the constituents were established,
they were compared to published soil protection values (SPVs) to determine the
contaminants of highest concern. These elements were determined to be arsenic, boron,
and selenium. In general, it was found that the eoncentration of these elements increased
along the Wash in the direction of Las Vegas Bay. At the end of the project, a
recommendation was given for further sampling and analysis of these elements to verify
the results. Results of the nutrient analysis were also not conclusive.
A second project was also conducted by the Division of Hydrologie Sciences of the
Desert Research Institute (Benner and Papelis 2005). The objective of this project “was to
demonstrate a method of sediment sampling and analysis that can be used to easily
quantify the role of sediment transport and retention in the fate of phosphorus in the Las
Vegas Wash” (Benner and Papelis 2005). The fraction of phosphorus that was looked at
was the Base Extractable Phosphorus. This fraction is considered to be the
“environmentally available” fraction (Benner and Papelis 2005). Several observations
were made at the end of this project. The first was that there was no clear trend in the
phosphorus concentration with distance along the Wash and that a correlation with the
sediment above vs. below grade control structures was not apparent. Three of the highest
eoncentrations of phosphorus observed were at points directly downstream from the
wastewater treatment facility discharge points. This suggests that these treated
wastewater inputs are at least partially responsible for the phosphorus found in the
sediment. It was also noted that though the eoneentrations of phosphorus were high
immediately downstream of the treatment plants, the sediment concentrations do not
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significantly increase further downstream. This seems to demonstrate a quick
aqueous-sediment transfer with a limited spatial extent. Another observation was that the
four lowest concentrations were found in areas of the Wash where the sediment had been
recently disrupted by rechannelization. This suggests that phosphorus is being
accumulated in the sediments over time.
As can be seen from the studies described in this section, there are almost no data
on selenium, arsenic, boron, and phosphorus concentrations associated with sediments for
the Wash area. Also, in the few projects where concentrations had been measured for
sediments, the sediments were not characterized (Bevans et al. 1998; Papelis 2004;
Benner and Papelis 2005; Cizdziel and Zhou 2005). Correlating the sediment
characteristics with the elemental concentrations is necessary to give the concentration
data context and make it relevant not only to future studies and decision making in the
Wash but also to other similar watersheds.

Las Vegas Wash
According to the Nevada State Engineer’s office, the Las Vegas Valley hydrographic
basin covers 1,564 square miles and is part of the larger Colorado River Basin. The Wash
is the only drainage for Valley and it flows for about 12 miles in the southeastern portion
of the Las Vegas before terminating at Las Vegas Bay in Lake Mead (Figure 1). The main
tributaries to the Wash are Duck Creek, Las Vegas Creek, Flamingo Wash, and Tropicana
Wash. These tributaries generally carry urban and stormwater runoff. Other components
of flow in the Wash include shallow groundwater, and treated effluent (LVWCC 1999).
Prior to the 1950’s, the Wash was not a perennial stream as it only channeled water

10
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during storm events. However, by the mid-1950’s the population in Las Vegas was large
enough to need wastewater treatment facilities and as a result, two treatment plants began
releasing effluent into the Wash, causing it to have perennial flow (U. S. Geological
Survey (USGS) 1997; Stave 2001). The current flow through the Wash is approximately
240 million gallons per day (MGD) or 370 cubic feet per second (LVWCC 2006; USGS
2007).
Treated wastewater effluent is the largest and most predictable flow component of
the Wash (LVWCC 1999). Estimates from 1999 show that the total treatment capacity for
the three Valley wastewater plants to be 174 MGD with 88 MGD from Clark County
Water Reclamation district, 66 MGD from the City of Las Vegas Water Pollution Control
Facility, and 20 MGD from the City of Henderson Water Reclamation Facility (USGS
1996; LVWCC 1999; City of Henderson Utility Services 2004; City of Las Vegas 2005;
Clark County Water Reclamation District (CCWRD) 2007).
The shallow groundwater component of the Wash comes from aquifers in the central
and southeastern part of the Valley that occur within twenty-five meters of the surface
(LVWCC 1999). The existing hydraulic gradient in the area causes the shallow
groundwater to flow into the Wash. Much of the shallow groundwater in the Valley is of
poor quality due to a high amount of dissolved solids from rocks in the aquifer or due to
urbanization (USGS 1996; LVWCC 2007). As a result, the shallow groundwater
component might still contain a high concentration of metals and nutrients that were
either dissolved from rocks in the aquifer or that seeped from above.
Urban runoff is generally attributed to over-watered lawns, washing cars in
driveways, improperly draining pools, and other human-related uses. This type of runoff
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is considered to be a nonpoint source of pollution because the water tends to pick up
many different types of pollutants as it flows over the surface. Urban runoff flows into
the Wash without being treated.
The amount of stormwater runoff in the flow of the Wash is highly variable
throughout the year. Flood flows in the Wash can range from 500 to over 10,000 cubic
feet per second, while during the July 1999 storm event flows were recorded to be 16,000
cubic feet per second (LVWCC 1999; Sutko 1999). Stormwater has the potential to cause
erosion and can contribute pollutants to the Wash (LVWCC 1999). Like urban runoff,
stormwater runoff flows directly into the Wash without being treated.

Erosion Control Structures
In order to combat severe erosion caused by increased flow and occasional intense
storm events, several erosion control structures have been constructed in the Wash. By
slowing down the flow through the Wash, these weirs help to stabilize the channel bed
and to provide a stable environment for revegetation efforts (LVWCC 2007). At the time
of the sampling trips for this project, there were nine erosion control structures completed
in the Wash (Table 1). Figure 2 shows the locations of the stmctures in the Wash. All of
the structures except the Demonstration Weir are permanent and capable of withstanding
large storm events. The information provided in this section was obtained from the
LVWCC Website (LVWCC 2007).

12
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Table 1.

List of erosion control structures and completion dates.

Weir Name

Completion Date

Weir Name

Completion Date

Monson

2002

Calico Ridge

2005

Visitor Center

2002

Demonstration

1999

Pabco Road

2000

Rainbow Gardens

2004

Historic Lateral

1984/2000

Fire Station

2000

Bostick

2003

The Monson Weir and Visitor Center Weir are located furthest upstream in the Wash
in the Clark County Wetlands Park. These two weirs were built by the Bureau of
Reclamation in 2002. Both weirs are made of confined rock riprap and this gives them a
more natural appearance. Each weir has a minimum width of twenty feet. The Monson
Weir stretches one hundred sixty feet in length across the Wash and impacts two acres of
land, while the Visitor Center Weir stretches one hundred fifty feet in length across the
Wash and currently impacts three acres of land. However, close to eleven acres of land
were impacted overall while building both structures.
Further downstream, the next weir is the Pabco Road Weir (Figure 3). This weir was
completed in 2000. The Pabco Road Weir is situated about halfway down the Wash, about
six miles upstream of Lake Mead. Downstream of this structure, there are distinct
differences in the hydrology, soil, and gradient of the Wash.
Moving downstream from the Pabco Road Weir, the next weir is Historic Lateral
(Figure 4). It was originally built in 1984 by the Colorado River Commission as a
temporary structure. Storms during the late I990’s, especially in the summer of 1999,
caused severe damage to the structure. The current permanent structure was completed in
2000 and is constructed from dumped rock riprap. The structure stretches five hundred
eighteen feet in length across the Wash and ranges between four and eight feet high.
13
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Fire Station
Monson
Demonstration

7

Historic
Lateral

-

Msitor
Center

Calico

Pabco
^
Rainbow
Gardens
Bostick

Figure 2.

Location of completed erosion control structures along the Wash.

The Bostick Weir (Figure 5) is the next structure in the downstream direction. It was
completed in 2003. The large structure is made of confined rock riprap and was the first
weir on the Wash that needed a Nevada State Dam Safety permit. The structure stretches
seven hundred sixty feet in length across the Wash and has a minimum height of sixteen
feet. The structure takes up eight acres of land but nearly forty five acres were impacted
during construction.
The Calico Ridge Weir (Figure 6) follows the Bostick Weir. It is a confined rock
riprap structure and was completed in 2004 by the Bureau of Reclamation. The weir
stretches three hundred ninety nine feet in length across the Wash and is a minimum of
14
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twenty feet wide. It sits on four acres of land but impacted forty acres during
construction.

.A

Figure 3.

Pabco Road weir (2006).

The Demonstration Weir (Figure 7) was completed in 1999. It is made of rock and
recycled concrete riprap. It is a prototype structure meant to help create wetlands. So far
it has helped create more than two acres of wetlands. The weir stretches three hundred
fifty feet in length across the Wash and one hundred twenty five feet wide.
The Rainbow Gardens Weir (Figure 8) was finished in 2004. It is made of roller
compacted concrete and is a gravity dam with a broad crest weir and stepped chute
spillway. It takes up about one acre of land.
The Fire Station Weir (Figure 9) was built in 2000 by Lake Las Vegas. It is the last
weir on the Wash before the water is piped underneath Lake Las Vegas and into Lake
Mead.
15
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Figure 4.

Historic Lateral weir (2006).

Figure 5.

Bostick weir (2006).
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A.'

Figure 6 .

Calico Ridge weir (2006).

•'■e.-v-,

Figure 7.

Demonstration weir (2006).
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Figure 8 .

Rainbow Gardens weir (2006).

Figure 9.

Fire Station weir (2006).
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Elements of Interest
Sediments tend to have high surface areas due to the presence of large amounts of
fine particles. Hence, sediments, because of their high surface areas, can be a sink for
metals. Metals can be associated with the sediment by a binding process, usually near the
sediment surface, or by being part of the inner matrix of the sediment minerals. Only the
surface exchangeable fraction is considered to be easily available to the environment
(bioavailable) because metals sorbed to the surface can be released much faster than
those that are part of the inner matrix (OSARAF 2007).
Arsenic
Arsenic is the element in the periodic table that has atomic number 33 and an atomic
mass of 74.921. The electron configuration of arsenic is [Ar] 3d^°4s^4p^ where there is
one unpaired electron in each of the p orbitals. Arsenic has four oxidation states: (-3), (0),
(+3), and (+5).
Arsenate (+5 oxidation state) and arsenite (+3 oxidation state) are the predominant
species found in soil (McBride 1994), while the other two oxidation states, (-3) and (0),
are found in extreme reducing conditions (low Eh) (Ferguson and Gavis 1972). The
dominance of either arsenate or arsenite in the soil depends on the pH and redox
conditions (Eh/pH), on the sorbent component of the soil, and on the microbial activity in
the soil (Woolson et al. 1973; Wade et al. 1993; Pongratz 1998; Fodor 2001). Arsenate is
found in aerobic soils and can be found as oxyanions of arsenic acid [H2ASO4 , pKa =
2.20; HAs 0 4 ^ , pKa = 6.97; As 0 4 ^', pKa = 11.53] while arsenite is likely to be found in
anaerobic soils and can be fotmd as arsenous acid [H 2ASO3 , pKa = 9.22; HAsO]^ , pKa =
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12.13; AsOs^', pKa = 13.4] (McBride 1994; Manning and Goldberg 1997; Comelis et al.
2005).
Arsenate is chemisorbed by iron and aluminum oxides, non crystalline
aluminosilicates, and silicate clays. Arsenate adsorbs the best at a low pH. The result of
these two properties is that arsenate is not very mobile in acidic soils that have a high
clay or oxide content. In soils that are neutral or alkaline, arsenate can be mobile as
soluble sodium arsenate. Arsenite, as As( 0 H) 3, only forms the anion at higher pH values
so its adsorption is weaker than that of arsenate in acidic soils. Arsenite adsorbs most
effectively between pH 7 and pH 9. Additionally, in aerobic soils arsenite can be oxidized
to arsenate by microbes or manganese oxides (McBride 1994).
The behavior of arsenic in sediments is similar to that of soils. In addition to existing
as arsenate and arsenite, arsenic can also be found as monomethyl arsenic acid and
dimethyl arsinic acid (Masscheleyn et al. 1991). Arsenic is present in colloidal and
noncolloidal sediment fractions (Huang and Liaw 1978). As with soils, multiple studies
have found that in sediments arsenic sorption is associated with iron, aluminum, and
manganese (hydr)oxides in the soils (Huang 1975; Huang and Liaw 1979; Pierce and
Moore 1980; Oscarson et al. 1981; Pierce and Moore 1982), organic matter
(Thanabalasingam and Pickering 1986; Lund and Fobian 1991), and clays (Frost and
Griffin 1977; Manning and Goldberg 1997). Arsenate is sorbed more strongly to
sediments than arsenite (Vymazal 1995) and sorption occurs at the same time arsenite is
oxidized to arsenate (Oscarson et al. 1980).
Arsenite can be oxidized by nitrate, manganese (+4), and iron (+3) (Huang et al.
1982). Oxidation by manganese (+4) was shown to be very effective, but oxidation by
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iron (+3), though thermodynamically favorable, was shown to be very slow (Oscarson et
al. 1981). Total soluble arsenic and iron were correlated in solubility experiments by
Masscheleyn et al. (1991) which suggests that iron oxyhydroxides are important
controlling factors of arsenic mobility (adsorption/desorption).
Arsenate complexes preferentially with sulfides, while arsenite complexes with
oxides and nitrogen (Moore 1991). Arsenite oxidizes to arsenate slowly though the rate
increases at very high or very low pH (Ferguson and Gavis 1972; Moore 1991). These
two species of arsenic also undergo biological transformations in surface waters forming
a large number of compounds, some of which are methylated (Vymazal 1995). Research
by Andreae (1978) showed that arsenate predominated over arsenite in the river and lakes
that were sampled at that time.
The mechanism usually affecting arsenic mobility under most environmental
conditions is coprecipitation and adsorption of arsenic with iron oxides (Matera and Le
Hecho 2001). The aqueous arsenic content is usually directly proportional to the total
arsenic content and inversely proportional to iron, manganese, aluminum and calcium
concentrations because these elements react easily with arsenic (Woolson et al. 1973).
Arsenite is more soluble, more mobile, and so more toxic than arsenate (Wade et al. 1993;
Vymazal 1995; Rochette et al. 1998). This toxicity is also a result of arsenite reactions
with sulfhydryl groups fotmd in cysteine in protein that inactivate enzymes (Webb 1966).
Arsenic phytotoxicity is between 40 and 200 ppm (Sheppard 1992; McBride 1994).
In terms of the Wash, arsenic can potentially enter from urban runoff or groundwater
(Vymazal 1995). Arsenic can also be present in water and sediment from the natural
weathering of arsenic containing rocks, such as pyrite (Ferguson and Gavis 1972; Strawn
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et al. 2002). The natural abundance of arsenic in the earth’s crust is 0.04 ppm (Emsley
1989). The worldwide range of means for arsenic in soil is 2.2 to 25 ppm, while for the
U.S. the range of means for soil is 3.6 to

8 .8

ppm (McBride 1994).

Selenium
Selenium is the element with atomic number 34 in the periodic table and has an
atomic mass of 78.96. The electron configuration of selenium is [Ar] (3d*°)4s^4p'^.
Selenium has four oxidation states: (-2), (0), (+4), and (+6 ). The distribution of these four
species of selenium in soils is controlled by pH and the redox conditions of the soil
(Pezzarossa and Petruzzelli 2001).
Selenide (-2 oxidation state) and organic forms of selenium can be present in soil and
sediment water environments (Masscheleyn et al. 1991; Pezzarossa and Petruzzelli 2001).
Elemental selenium exists in reducing environments with wet or acidic soil (McBride
1994; Pezzarossa and Petruzzelli 2001). This form of selenium can be oxidized by
microorganisms to selenite and selenate (Sarathchandra and Watkinson 1981). The salts
of elemental selenium are both insoluble and resistant to oxidation and so are not
bioavailable (McBride 1994; Pezzarossa and Petruzzelli 2001). Mobilization, however,
may occasionally occur through biological méthylation (McBride 1994). Dimethyl
selenide can also occur in wet sediments under oxidized and also slightly reduced
conditions (Masscheleyn et al. 1991).
Selenate

(+ 6

oxidation state) is the dominant form of selenium in soils that are both

well oxidized and alkaline (McBride 1994; Pezzarossa and Petruzzelli 2001). Selenates
bond only weakly to oxides and other minerals and so selenium is fairly mobile in
alkaline soils (Wade et al. 1993; McBride 1994). In arid regions, selenates, which are

22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

very mobile, can become concentrated in surface soils and become available for
bioaccumulation in plants (McBride 1994; Pezzarossa and Petruzzelli 2001). Irrigation of
alkaline soils of semi arid regions moves selenate into drainage water, possibly
contaminating water elsewhere (McBride 1994), like the scenario that was discovered in
Kesterson Reservoir, California in the 1980’s and 1990’s (Wahl et al. 1993; Ohlendorf
and Santolo 1994). In non acidic, calcerous soils, a large fraction of selenium occurs in
the selenate form and so most of the selenium in those regions is bioavailable and easy to
extract (McBride 1994). Selenate is more mobile than selenite (Masscheleyn et al. 1991).
Selenite (+4 oxidation state) is the dominant form of selenium in soils that are mildly
oxidized and slightly acidic (McBride 1994; Pezzarossa and Petruzzelli 2001). Selenites
are less mobile than selenates because selenites are able to strongly chemisorb onto
oxides and aluminosilicates and can also precipitate as insoluble ferric selenite (McBride
1994; Tan et al. 1994). Selenite can be reduced to elemental selenium under reducing
conditions and also by microorganisms and this also contributes to the reduced mobility
and bioavailability of selenite. The quantity of selenite sorbed by soils occurs as follows:
organic soil > calcareous soil > normal soil > saline soil > alkaline soil (Pezzarossa and
Petruzzelli 2001).
Selenium is an essential metalloid trace element for animals and some plants. Less
than the required amount will cause adverse health effects in animals, while too much
selenium is toxic. Selenium is biochemically similar to sulfur. Increased concentrations in
diet can cause selenium to replace sulfur in some metabolic pathways which can disrupt
those pathways (Ohlendorf 2003). Selenium phytotoxicity ranges between 5 and 30 ppm
depending on the organism (McBride 1994).
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Selenium can enter the Wash from urban runoff and groundwater (Vymazal 1995).
Selenium may also be present from the weathering of selenium rich rocks, such as pyrite
(Pezzarossa and Petruzzelli 2001; Strawn et al. 2002). It is common for soils of Western
United States to have elevated levels of selenium that are naturally occurring (Jayaweera
and Biggar 1996; Zhang and Moore 1996). The natural abundance of selenium in the
earth’s crust is 0.05 ppm (Emsley 1989). The worldwide range of soil means for selenium
is 0.05 to 1.27 ppm, while the U.S. range of means for soil is 0.19 to 1.05 ppm (McBride
1994). Whereas Welsh et al. (2007) report that selenium concentrations in sediments were
at the high end of the normal range for soils of the western United States (0.039-1.4 ppm),
but were below the 4 ppm effect level for potentially toxic reproductive effects on fish
and waterfowl.
Boron
Boron is the element with atomic number 5 in the periodic table and has an atomic
mass of 10.811. The electron configuration of arsenic is [He] 2s^ 2 p \ Boron has two
oxidation states; (0) and (+3). Elemental boron (0) is not very common (Vymazal 1995).
Boron does not undergo oxidation reactions in soil (Goldberg 1997).
Boron primarily occurs in nature as sodium or calcium borates that come from the
slow dissolution of the mineral tourmaline (Adriano 1986). In solution, boron occurs as
boric acid [B(0 H) 3] and at a high pH it can accept hydroxyl ions to become borate
[B(OH )4 ] (McBride 1994). Boric acid is only moderately soluble, does not readily
dissociate and is the predominate species at neutral and acidic pH. Borate is the main
species in alkaline waters (Vymazal 1995).
Boric acid and borate are the only two soluble forms of boron in soils, with dominant
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species present under the same conditions as in water (Adriano 1986; Lindsay 1991).
Borate forms complexes with cis-hydroxyl groups and so it is mainly found in soil in
organic matter (Stevenson and Cole 1999). As organic soil matter is processed by
microorganisms, boron can be released to its more bioavailable oxyanion forms
(Stevenson and Cole 1999). In soils from arid and semi-arid areas only a small amount of
organic matter is present in the soil, so most of the sorbed boron will be due to clays and
oxides (Mezuman and Keren 1981; Yermiyaho et al. 1988). Boron adsorbs to iron and
aluminum-hydroxy compounds on clay minerals, iron or aluminum oxides, micaceous
clay minerals, and magnesium-hydroxy coatings on ferromagnesian minerals in soils
(Harter 1991). Boron adsorbs the best on iron and aluminum oxides and silicate minerals
between pH

8

and pH 9 (Bingham et al. 1971; McBride 1994).

In acidic soils, boron can be depleted, due to leaching, while in calcareous soils,
boron is depleted by precipitation as insoluble calcium borate salts. In arid regions with
alkaline soils, boron forms soluble sodium borate salts. The lack of rainfall, in arid
regions, to wash away the boron can cause accumulation in the soils at levels that are
phytotoxic. Boron is considered to be very mobile in both humid and arid climates and as
a result some soils have a large fraction of the total boron that can be extracted by water
(McBride 1994).
Boron can enter the Wash from the slow natural weathering of boron-containing
minerals and desorption from clays and iron and aluminum oxides (Bingham 1973;
Moore 1991; Agency for Toxic Substances and Disease Registry (ATSDR) 1992;
Vymazal 1995). The western U.S. is a boron-rich region, with California containing the
highest concentrated boron deposits (borax) (ATSDR 1992). In plants, the difference
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between beneficial concentrations of boron and toxic concentrations is very small
(Bingham 1973; Adriano 1986; Gardiner and Miller 2004). The phytotoxicity of boron
ranges from 50 to 200 ppm. The natural abundance of boron in the earth’s crust is 9 ppm
(Emsley 1989). The worldwide range of soil means for boron is 9 to 85 ppm, while the
U.S. range of soil means is 20 to 55 ppm (McBride 1994).
Phosphorus
Phosphorus is the element with atomic number 15 in the periodic table and has an
atomic mass of 30.9738. The electron configuration of phosphorus is [Ne] 3s^3p^. The 3p
orbital has three unpaired electrons and this, along with the availability of low-lying
vacant 3d orbitals, gives the predominant oxidation states of phosphorus: (+3) and (+5)
(Greenwood and Eamshaw 1997).
In arid and semi arid regions, with calcareous and alkaline soils, the main phosphorus
minerals are forms of apatite, Ca 5(P 0 4 )3X, where X= F, Cl, OH (Nickel and Nichols 1991;
Pierzynski et al. 1994; Stevenson and Cole 1999). These minerals are insoluble in water.
The inorganic water soluble forms of phosphate are H 2PO 4 , HP 0 4 ^ , and PÜ 4 ^', with the
phosphate ion being the least common. Phosphates are more soluble in anaerobic soils
than in aerobic soils (Stevenson and Cole 1999). In acidic soils, the hydrogen phosphate
ion reacts quickly with iron and aluminum ions to form insoluble phosphates. This is
called fixation (Pierzynski et al. 1994; Stevenson and Cole 1999). Phosphates can also
adsorb to the surfaces of iron, aluminum, and manganese minerals. Calcium triphosphate,
which has a low solubility, is formed in alkaline soils. Adsorption of soluble phosphate
ions can also occur on solid calcium carbonate surfaces (Stevenson and Cole 1999).
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Inorganic phosphorus normally makes up 50-70% of the total phosphorus in soils
(Pierzynski et al. 1994).
Phosphorus can enter the Wash from municipal and manufacturing wastewater
effluent, agricultural runoff, and natural weathering of rocks (Vymazal 1995). Phosphorus
is not toxic in itself but does play a very important role in eutrophication. Eutrophication
is defined by Gardiner and Miller (2004) as the “overabundance of nutrients in water
which causes accelerated algae and water plant growth”. Nitrogen and, more often,
phosphorus are normally the nutrients that limit growth in fresh waters (Pierzynski et al.
1994; Gardiner and Miller 2004). If a large amount of phosphorus is released into an
aquatic environment eutrophication will occur. As the algae and other organic matter die
off, bacterial decomposition of that matter will take place. Decomposition requires
oxygen, therefore large amounts of decomposition will greatly deplete the oxygen from
the water and cause near anaerobic conditions. As a result, aerobic aquatic species will
begin to die off also. Increased turbidity, often found in eutrophic water bodies, decreases
the depth to which light can penetrate water and can negatively impact benthic organisms
and subsurface plants (Gardiner and Miller 2004). For instance, an algal bloom occurred
in Lake Mead (Nevada) in the spring of 2001. The Lake Mead Water Quality Forum
determined a likely factor in the bloom to be from unregulated amounts of phosphorus
entering the system through the Wash from wastewater effluent (National Park Service
(NPS) 2006).
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CHAPTER 3

METHODS
Collection Methods
Sediment samples were collected near the bank from upstream and downstream of
the completed erosion control structures at two different depths (Figure 10): from the
0 - 1”

depths at the sediment-water interface ( 1 ” depth) and from the deeper sediments

between l ”- 6 ” (6 ” depth). Samples were not collected from the Monson or Visitor Center
weirs because sediment was not present due to channel lining and high flow rate.
Samples were not collected from downstream of the Historic Lateral structure due to
construction. Samples from upstream of Demonstration and Fire Station weirs did not
include the 6 ” depth because the sediment was not deep enough at those locations.
Samples from downstream of Rainbow Gardens did not include the 6 ” depth because
construction interfered with sampling. A duplicate composite sample was collected at the
Fire Station weir upstream one-inch sample site to be used as an elemental analysis
quality control sample. One inch depth and 6 ” depth samples were collected at upstream
and downstream locations for seven of the weir sites for a total of 23 samples (Table 2).
C om p osite sam p les w ere taken in order to p rovide a m ore representative sam ple. A t

each sampling site (upstream 1 ”, upstream 6 ”, downstream 1 ”, downstream 6 ”), five
samples were collected using a small stainless steel shovel. Where possible, these
samples were collected in a rectangular fashion, with one sample coming from each of
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Flow

Water
Sediment

Upstream

Figure 10.

Table 2.

Downstream

Diagram of sampling sites (not to scale).

Locations of sample sites.
Upstream 1"
depth

Upstream 6 "
depth

Downstream 1"
depth

Pabco Road

X

X

X

X

Historic Lateral

X

X

Calico Ridge

X

X

X

X

Bostick

X

X

X

X

Demonstration

X

X

X

Rainbow Gardens

X

Fire Station

X

Weir

X

Downstream
depth

6

"

X
X

X

the four comers and one from the center. Then, the five samples were homogenized in a
stainless steel bow l using a stainless steel spoon. The hom ogenized sample was used to

fill three 250 mL glass sampling jars (one jar each for elemental analysis, characterization,
and outside laboratory analysis). The threads of the jars were cleaned with disposable
paper towels before the jars were sealed. Sample labels, chain of custody seals, and clear
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tape were applied to the jars before storage in an ice-filled cooler. Methods used are as
found in Methods for Collection, Storage, and Manipulation of Sediments for Chemical
and Toxicological Analyses: Technical Manual (Office of Water (OW) 2001).

Decontamination Procedures
All materials that contacted soil or sediment were decontaminated at each site after
sampling using standard procedures (Environmental Response Team (ERT) 1994; OW
2001). Decontamination procedures used a series of washtubs. The first tub contained tap
water and

L i q u in o x ^ M

soap. The second tub contained deionized water. After air-drying,

sampling instruments were wrapped in paper towels and stored in the vehicle until the
next use. Only persons wearing latex gloves handled sampling instruments and sampling
containers (Papelis 2004).

Sample Preparation
Sediment samples initially contained both sediment and water and the two were
separated prior to analysis. Samples were centrifuged at 1000 rpm for 35 minutes. The
supernatants were decanted, acidified, and stored in

N a lg e n e ^ ^

bottles in the refrigerator

until analysis and referred to as supernatant hereafter in this manuscript. The sediments
were dried at 55°C in an oven, sieved with a No. 16 (<1.18 mm) U.S.A. Standard Testing
Sieve to remove the large particles, and stored in Nalgene'^’^ bottles in the refrigerator
until analysis.
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Physicochemical Characterization
Thorough physicochemical characterization was performed on the sediment samples.
Mineralogy was determined by X-ray diffraction (XRD) using a PANalytical X PERT
ProTM XRD Spectrometer. Particle morphology and composition were determined by
scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS)
using a JEOL JSM-5610 scanning electron microscope with an Oxford ISIS EDS system
attachment. The specific surface area and pore size distribution were determined by
nitrogen adsorption, using standard BET methods (Brunauer et al. 1938), using a
Micromeritics ASAP 2010 surface area and pore size distribution analyzer. Particle size
distribution was determined by light scattering analysis using a Micromeritics Saturn
Digisizer 5200. The physicochemical characterization of each sediment sample is
important because it is necessary to correlate sediment characteristics with element
concentrations in order for the data to be relevant in other locations.

Extraction Methods
The experimental procedures used in this project were based on methods used
previously in this laboratory by Papelis and Harris-Burr (unpublished data) and
references found through an extensive literature search. All chemicals used in the
experiments were of ACS reagent grade or better. NANO-Pure™ reagent grade water
was used to make all solutions and for dilutions. For the boron extractions, glass labware
was not used for either method to avoid leaching of borosilicates from the glass.
NalgeneT'^ labware was used instead for those extractions.
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Selenium Extraction
Two extraction methods were used in this project. The first to be described is an acid
digestion based on EPA Method 3050B (Office of Solid Waste (OSW) 1996) that extracts
the environmentally available selenium from sediment. This method uses a two step hot
water bath digestion with concentrated nitric acid followed by 30% hydrogen peroxide.
One gram of sediment sample is placed inside a glass beaker that is in a water bath (95°C)
and heated without boiling. Aliquots of concentrated nitric acid are added to the sample
until production of brown fumes cease. The solution is kept at 95 °C for an additional two
hours. Next, aliquots of 30% hydrogen peroxide are added (up to 10 mL) and the sample
is refluxed at 95 °C for two hours. Then the sample is diluted to a final volume of 100 mL.
The sample is centrifuged and the supernatant is stored in the refrigerator for analysis.
The supernatant is analyzed for selenium using graphite furnace atomic absorption
spectrometer (GFAAS). The concentration of selenium in (ig/g (mg/kg or ppm) is
determined by:

^
.
GFAAS Concentration x 0.1
Concentration ( ppm) =
Initial Sample Weight

[ 1]

where the GFAAS Concentration is in |ig/L, 0.1 is the volume in liters, and the initial
sample weight is in grams.
The second method is a sequential selenium extraction modified from the scheme
described in Tokunaga et al. (1991) and is shown in Table 3. This scheme is based on
work conducted by coauthor Lipton for his dissertation (Lipton 1991). Several selenium

32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 3.

Selenium sequential extraction scheme (Tokunaga et al. 1991).

Selenium Fraction
1)

Soluble

2)

Extractant

Selenium Fraction

KCl

5)

Easily Reducible Oxides

Adsorbed

K 2HPO 4

6)

Amorphous Oxides

3)

Carbonate

Na Acetate

7)

Crystalline Oxides

4)

Soil Organic Matter

Extractant
NH 2OH /
KOH
NH 2OH /
HCl /K O H
HCl

NaOCl

fractions were extracted and analyzed. It is important to note that the names given to each
fraction represent the best estimate of the selenium contained within that fraction and
does not imply total selectivity (Tokunaga et al. 1991). This original sequential extraction
scheme collected the following fractions in order: soluble, adsorbed, carbonate, soil
organic matter, easily reducible oxides, amorphous oxides, and crystalline oxides (Table
3). The modified scheme that was actually used in this project extracted soluble, adsorbed,
carbonate, soil organic matter in the same manner as Tokunaga et al. (1991) and then
combined the individual oxides fractions into one step as in Zhang and Moore (1996) and
is shown in Table 4. After each step, the extract was centrifuged and the supernatant was
stored in the refrigerator for analysis. The extracts collected in Tokunaga et al. (1991)
were analyzed using a hydride generation atomic absorption spectrometer (HGAAS).
However, this laboratory is only equipped with GFAAS, so GFAAS was used for analysis
instead. Only the soluble and oxide fractions were successfully analyzed using GFAAS.
The analyses of the adsorbed, carbonate, and organic matter fractions using GFAAS were
not reproducible and had unacceptable spike recoveries (> ± 2 0 %).
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Table 4.

Modified selenium sequential extraction scheme for 1 gram of sediment.

Selenium Fraction

Extractant

Procedure

Soluble

10m L 0.25M K C l

Shake 2 hr s.

Adsorbed

10m L0.1M K 2H P04

pH

Carbonate

10 mL l.OM NaOAc

pH 5 (glacial acetic acid). Shake 5 hrs.

Soil Organic Matter

4 mL NaOCl adjusted
to pH 9.5 (HCl)

85°C water bath 0.5 hrs., repeat step.

Oxides

10m L 4.0M H C l

85°C water bath 0.75 hrs.

8

(KOH), Shake 20 hr s.

Arsenic Extraction
EPA Method 3050B (OSW 1996), as described in the previous sections, was used to
determine environmentally available arsenic. The concentration of arsenic in |ig/g (mg/kg
or ppm) is also determined by Equation [1].
Additional methods were researched in order to find a sequential extraction for
arsenic. One method (Table 5) is described by Wenzel et al. (2001) and used HGAAS to
analyze extracts. Another sequential extraction method is the Tessier Scheme 1 (Table 6 )
with analysis by inductively coupled plasma-atomic emission spectrometry (ICP-AES)
(Gleyzes et al. 2002). The Tessier Scheme 1 sequential extraction was chosen because the
fractions of arsenic extracted were more similar to the fractions from the selenium
sequential extraction and also because the Tessier scheme did not use microwave
digestion which was not available for use. After the unsuccessful attempt to analyze the
sequential selenium extracts by GFAAS and a réévaluation of the timeline, a decision was
made not to perform any more sequential extractions and so only the environmentally
available arsenic method (EPA 3050B) was used and not the sequential arsenic extraction.
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Table 5.

Arsenic sequential extraction (Wenzel et al. 2001).
Arsenic Fraction

Extractant

Non-specifically sorbed

(NH4)2S04

Specifically sorbed

(NH4)H2PÜ4

Amorphous & poorly-crystalline hydrous oxides of
Al & Fe

oxalate buffer

Well-crystallized hydrous oxides of Al & Fe

oxalate buffer / ascorbic

Residual phases

Table 6 .

HNO 3 / H 2O 2

Tessier scheme 1 arsenic sequential extraction (Gleyzes et al. 2002).
Extractant

Arsenic Fraction
Exchangeable

MgCl2

Carbonates

Na Acetate / acetic acid buffer

Reducible (Mn-oxides)

Hydroxylamine hydrochloride in acetic acid

Amorphous Fe-oxides

Oxalate / oxalic acid

Crystalline Fe-oxides

Oxalate / oxalic acid / ascorbic acid

Organic Matter

HNO 3 / H 2O 2

Boron Extraction
Two possible methods for boron extraction are reported in the literature. The first
method is a diethylene triamine pentaacetic acid (DTPA)-sorbitol extraction with analysis
of the extracts by ICP-AES used in the Western States Laboratory Plant Soil and Water
Analysis Manual (Gavlak et al. 2003a). This method was used initially in this project. In
this method, 4 grams of sediment was shaken for two hours with

8

mL of the

DTPA-sorbitol solution and then the extract was analyzed by GFAAS. These analyses did
not yield reproducible results or acceptable spike recoveries, so another extraction and
analysis method was performed.
The hot CaClz extraction / Azomethine-H UV-Vis spectrophotometric method,
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described in both the Western States Laboratory Plant Soil and Water Analysis Manual
(Gavlak et al. 2003b) and in the Soil Analysis Handbook of Reference Methods (Soil and
Plant Analysis Council Inc. (SPAC) 2000), was then tried. In this method 15 grams of soil
are extracted with 30 mL of CaClz in a boiling water bath for ten minutes. Then 1 mL of a
buffer masking agent and 1 mL of azomethine-H are added to 4 mL of the extract and
developed for one hour. This yellow solution is then analyzed using a UV-Vis
spectrophotometer set at 420 nm. The concentration of environmentally available boron
in mg/kg is determined, as described in the method, by multiplying the concentration in
mg/L by two.
Phosphorus Extraction
Prior research performed in the Wash (Benner and Papelis 2005) used NaOH step in
the Williams method for phosphorus extraction (Pardo et al. 1998) to extract the
environmentally available phosphorus from the sediments. While researching this method,
a more recent paper by (Pardo et al. 2004) was found. In this paper, the Standards,
Measurements and Testing (SMT) protocol for phosphorus extraction was discussed
(Table 7). This newer method separated phosphorus into organic, inorganic, non-apatite
inorganic, and apatite fractions instead of just an environmentally available fraction. As
stated previously in the arsenic section, the unsuccessful attempt to analyze sequential
selenium extracts by GFAAS and the réévaluation of the timeline prompted suspension of
further sequential extraction attempts.
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Table 7.

SMT Phosphorus Protocol (Pardo et al. 2004).
Phosphorus Fraction

Extractant

Total

Calcination, 3.5M HCl

Inorganic

l.OM HCl

Organic

l.OM HCl, Calcination, l.OM HCl

Non-apatite inorganic

l.OM NaOH, 3.5M HCl

Apatite

l.OM NaOH, l.OM HCl

A modified version (Acharya, personal communication) of the Persulfate Digestion
Method for phosphorus (Clesceri et al. 1998) followed by the Ascorbic Acid Method for
analysis was used. In this method, 0.1 gram of sediment is digested with 400 (tL of
sulfuric acid and 15 mL of 5% persulfate solution in an autoclave for forty five minutes.
After cooling, 50 |iL of phenolphthalein indicator is added and the solution is titrated
with 16% NaOH until a pink color develops. Then 3.2 mL of reagent (Table 8 ) is added
per 20 mL of sample solution and the color is developed for fifteen minutes. This blue
solution is analyzed by a UV-Vis spectrophotometer at 880 nm. The concentration of total
phosphorus in (ig/g (mg/kg or ppm) is determined by:

U V - Vis Concentration x Volume A dded
Concentration (ppm ) = -----------------------------------------------------Initial Sample Weight

where the UV-Vis Concentration is in mg/L, the volume of liquid added is in liters, and
the Initial Sample Weight is in grams.
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[2 ]

Table 8.

Persulfate Method for Phosphorus (Clesceri et al. 1998).
Amount

Reagent
5N H 2SO 4

50 mL

Potassium antimony tartrate (2.7 g/L)

5 mL

Ammonium molybdate (40 g/L)

15 mL

Ascorbic acid (17.6 g/L)

30 mL

Physicochemical Characterization Data Evaluation Methods
Three pair-wise evaluations were performed on the volume frequency percent mode,
surface area population mode, and BET specific surface area data. The measured
concentrations from upstream or downstream locations that had samples from both the 1 ”
and 6 ” depth were examined in a pair-wise fashion. Then the measured concentrations
from the 1 ” depth locations that included samples from both upstream and downstream of
a structure were examined in a pair-wise fashion. Also, the measured concentrations from
the 6 ” depth locations that included samples from both upstream and downstream of a
structure were examined in a pair-wise fashion. In all three cases, the difference between
the two measurements being compared had to be at least one standard deviation. For
example, the concentrations of both the 1 ” and 6 ” depth samples from upstream of a
particular weir were compared to determine if the 1 ” depth sample was larger or smaller
than the 6 ” sample. This information was then evaluated for trends.

Elemental Data Evaluation Methods
A variety of approaches were used to analyze the selenium, arsenic, boron, and
phosphorus concentration data collected during this project. This chapter will briefly
explain the evaluation methods used.
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OA/QC Samples
As stated in the Collection Methods section, one homogenous composite sample was
taken at each sampling site except for the Fire Station weir. At the Fire Station weir a
duplicate composite sample was taken for the upstream 1” depth sample. This duplicate
sample was prepared, extracted, and analyzed along with the other samples as a Quality
Assurance/Quality Control (QA/QC) sample. With the exception of this QA/QC duplicate
sample, only one extraction per sample each for arsenic, selenium, and boron and three
extractions per sample for phosphorus were conducted due to time and budget limitations.
Comparison of the results in each elemental analysis for the original and duplicate
QA/QC sample at the Fire Station weir showed that the percent difference, given by the
equation:

\S a m p le l- Sample 2\
{Sample 1 + Sample 2)12

between the two samples ranged from 4% to 33% with the majority of the duplicates
having less than a 25% difference.
In addition to the duplicate QA/QC samples, further checks were used to validate the
arsenic, selenium, and phosphorus concentration results. During GFAAS analysis of
selenium and arsenic sediment extracts and supernatants, three separate aliquots of each
sample were injected into the instrument and the average concentration of these three
aliquots was given as the result for the particular sample by the instrument. For every ten
extraction or supernatant samples analyzed by GFAAS, a duplicate of one of the samples
was also analyzed. The concentrations of these two samples were checked using Equation
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3 and had to be within 10% of each other to be acceptable. A spike recovery check was
also run for every set of ten samples. The spike recovery check consisted of analyzing a
pure sample and a sample that had a known amount of either arsenic or selenium added to
it. The spike recovery was checked using:

{Spiked sample concentration - sample concentration ) ^ qq

|-^j

{Concentration o f spike)

and there had to be an 80-120% recovery of the spike to be acceptable. During the
phosphorus extracts and supernatant analyses a certified reference standard was also used.
The measured concentration of the reference standard had to be within 15% the known
value to be acceptable.
Statistical Analvses
Though QA/QC methods were used to ensure data quality, time and budget
constraints allowed only one homogenized sample to be collected and analyzed. The lack
of enough replicate samples and extractions limited the type of statistical analyses
possible to those described in this section. All statistical analyses were run at a 95%
confidence level.
The first statistical method used compared the concentration values on a
weir-by-weir basis. For each weir, all the sediment values (upstream 1” depth, upstream
6”

depth, downstream 1 ” depth, and downstream 6 ” depth) for that weir for a particular

element were grouped together. A one-way analysis of variance (ANOVA) was run to
determine if any of the weirs were statistically different. When the ANOVA showed a
statistical difference between data sets, a post hoc Tukey analysis was run to determine
40
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where the significant difference(s) was located. While a significant difference in this
analysis does not correlate to the structures themselves, it can show if there is some
external input or sink between the weirs where a difference is detected.
Another statistical analysis used was an independent t-test on the upstream and
downstream data. All of the upstream sediment values (both 1” and 6 ” depth) for all the
weirs for each element were grouped together and the same grouping was carried out for
the downstream values. Then the t-test was used to determine if the upstream values were
significantly different from the downstream values. A difference between the upstream
and downstream concentrations could be related to the weir structures themselves,
although this analysis would not show where the differences were located.
An independent t-test was also used on the 1” and 6 ” depth data. All of the 1” depth
sediment values (upstream and downstream) for all the weirs for each element were
grouped together and the same was carried out for the 6 ” depth values. Then the t-test
was used to determine if the 1 ” depth values were significantly different from the 6 ”
depth values. A difference between the 1” and 6 ” depth concentrations would indicate
that the element in question was partitioning into one of the layers of sediment more than
the other. It is important to note that the need to group data together may end up masking
differences that appear when examining the data visually because differences may be
averaged out.
Comparison of Data to Published Concern Values
In addition to looking at statistical significance, it is also important to assess the
actual measured concentrations to determine if there are any areas where the
concentration is high enough to pose a risk to wildlife and plants. Determining this can be
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problematic for several reasons. Animal and plant species will not all be negatively
affected by the same concentration of a particular element. The size of an organism as
well as dietary needs and metabolic pathways will control how much of an element will
be toxic to that organism (OSARAF 2007). It is also important to consider the
background elemental soil concentration when determining if a potential hazard exists.
Soil concentrations of certain elements are known to be higher in the Western United
States, so plants and animals in those areas may be adapted to a higher level of those
elements. Additionally, some elements may bioaccumulate in lower organisms and this
can affect organisms higher in the food chain. These factors make it very difficult to
determine an absolute number for comparison with the collected data to determine where
levels might be harmful.
Another problem is that a standardized way to determine an unsafe level of a
particular element for individual organisms has not yet been developed. Different
agencies use different methods, which makes it difficult to compare data. The U.S. EPA is
aware of these complexities and has written the Framework fo r M etals Risk Assessment
(OSARAF 2007) to help its own risk assessment offices in assessing human and
ecological risks from metals. This document does not set any actual concentrations levels
but only discusses the range of concentrations collected from other agencies.
For this project, ecological concern levels for selenium, arsenic, and boron were
adopted from Appendix D in A Critical Review o f Methods fo r Developing Ecological
Soil Quality Guidelines and Criteria (EFT 1999) and Table 6 in (Tuttle and Thodal 1998).

The EFT (1999) document compared methods for determining harmful concentrations of
substances from several organizations in the US and in other countries. Appendix D (EFT
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1999) lists, in tabular form, the Soil Protection Values (SPVs) given by each of the
surveyed organizations for eaeh element or compound discussed. A summary of the
relevant SPVs from Appendix D are given in Table 9. The SPVs that seemed best suited
to be used in this report were from the Oak Ridge National Laboratory (ORNL). ORNL
listed an SPV for plants, and since this seemed most suited to the organisms in the Wash,
these were the SPVs used to eompare to the measured elemental concentrations.
Tuttle and Thodal (1998) compiled concern and effect concentrations based on
existing published data for water, sediment, and some biological samples for use in their
study. Sediment concern and effect levels, as reported in Table 6 of Tuttle and Thodal
(1998), were also used to compare to the selenium and arsenic concentrations measured
(Table 10). There were no coneem and effeet levels listed for boron.

Table 9.

Summary of Soil ProteetionValues (ppm).
Minimum
SPV (ppm)

Maximum
SPV (ppm)

Geometric
Mean (ppm)

,
N\rahx%

ORNL Plant

2

100

19.92

17

10

Boron

0.5

20

1.82

5

0.5

Selenium

0.81

100

5.08

17

1

Arsenic

Table 10.

Arsenic
Boron
Selenium

Concern and Effect Levels (ppm).
Concern (ppm)

Effect (ppm)

33

85

N/A

N/A

1

4
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Pair-wise Comparisons and Examination of Trends
Bar graphs were made of the concentration data (y-axis) with respect to each
structure’s location (x-axis) in the Wash. The x-axis was arranged in the upstream to
downstream direction with the most upstream weir listed first. Three graphs of the
sediment data were constructed for each element. The first graph contained all the sample
concentrations measured for the particular element, arranged as described previously. The
second graph contained only the measured concentrations from the 1” depth sample and
the third graph contained only the measured concentrations from the 6” depth samples.
By examining these graphs, it might be possible to see if there are any qualitative trends
in the data with respect to location or direction in the Wash.
Additionally, three more trend evaluations were performed on the data. The
measured concentrations from upstream or downstream locations that included samples
from both the 1” and 6” depth were examined in a pair-wise fashion. Then the measured
concentrations from the 1” depth locations that included samples from both upstream and
downstream of a structure were examined in a pair-wise fashion. Also, the measured
concentrations from the 6” depth locations that included samples from both upstream and
downstream of a structure were examined in a pair-wise fashion. In all three cases the
difference between the two measurements being compared had to be at least one standard
deviation. For example, the concentrations of both the 1” and 6” depth samples from
upstream of a particular weir were compared to determine if the 1” depth sample was
larger or smaller than the 6” sample. This information was then evaluated for trends.
Supernatant Concentrations and Partition Coefficients
In addition to the analysis of sediment samples, the pore water that was collected
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along with the sediment was analyzed by GFAAS or UV-Vis spectroscopy. The elemental
concentrations in this pore water (supernatant) may or may not have been in equilibrium
with the sediment at the time of eollection. The sediment was not separated from the
water immediately, so it is possible, though unknown, that equilibrium was reached
between the sediment and supernatant prior to separation. As a result, these supernatant
concentrations cannot be treated as actual water samples, but can still be evaluated in the
manner described next. The supernatants were analyzed using the same element specific
methods as the sediment extracts.
The supernatant concentrations were first compared to water quality data from the
USGS NWIS website for the Wash at Pabco Road station (#09419700)
(http://nwis.waterdata.usgs.gov/nwis/qwdata). This comparison was performed in order
to see if the supernatant concentrations fall outside of the range normally found in the
water samples in this particular area of the Valley. Additional comparisons were made to
water quality data from the LVWCC mainstream water quality monitoring program for
selenium, arsenic, and phosphorus.
Also, conditional partition coefficients (IQ) for each sample site were caleulated. The
sediment concentration was normalized with respect to surface area and Kc (L/m^) was
calculated by:

Kc =

^ Se dim ent Concentration ^
BET Surface Area

S u p e rn a ta n t C on cen tra tio n

[5]

where the Sediment Concentration is in p.g/g, the BET Surface Area is in m^/g, and the
Supernatant Concentration is in (ig/L. Comparison of the Kc values within each set of
45
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elemental data will give the ratio between the two phases for the particular element and
location.
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CHAPTER 4

RESULTS AND DISCUSSION
Physicochemical Characterization
Physicochemical characterization was performed on the sediment samples. It is
necessary to correlate the sediment characteristics with the elemental concentrations in
order for the data to be used in future studies within the Wash or in other similar locations.
Mineralogy was determined by XRD, particle morphology and composition were
determined by SEM and EDS. The specific surface area and pore size distribution were
determined by nitrogen adsorption using standard BET methods (Brunauer et al. 1938).
Particle size distribution was determined by light scattering analysis.
Particle Size Analysis
The association of metals with sediments is dependent on the amount of reactive sites
available on the sediments, which is dependent on the specific surface area. Specific
surface is inversely proportional to particle size. Hence, the finer particles in sediment
have more sites for interaction with metals and other contaminants though the sediment
volume is dominated by larger sized particles (Papelis 2004). Therefore, it is important to
include the finer sized particles in the samples, as was carried out for this project. Figures
11 and 12 show representative particle size distributions for the samples (particle
diameter vs. volume frequency percent and surface area population). Figure 13 shows the
particle diameter that accounts for the largest percentage of the volume of the sample
47
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(volume mode). Figure 14 shows the particle diameter that contributes the most to surface
area (surface area mode). Table 11 is the tabular version of Figures 13 and 14. Particle
size distribution was determined by light scattering analysis using a Micromeritics Saturn
Digisizer^M 5200.
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Figure 11. Particle size distribution graphs with respect to surface area and volume
frequency percent for Calico Ridge upstream 1" depth sample.

Inspection of Figures 11 and 12 shows that the volume mode is about 200 |0,m. The
range of particle sizes is from 700 |xm to less than 1 |xm which shows that the fine
particle size fraction is represented in the samples. Additionally, it can be seen from these

figures that the surface area mode is less than 0.6 |fm for both samples. These figures
demonstrate that, while only a small percentage of the total sample volume is associated
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with particle diameters of less than 20 |im, this same group accounts for the majority of
the surface area.
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Figure 12. Particle size distribution graphs with respect to surface area and volume
frequency percent for Pabco Road upstream 1" depth sample.

Inspection of Figures 13 and 14 and Table 11 show that the range of mode values, for
both volume and surface area, is quite large. There do not appear to be any trends relating
to these modes and the corresponding w eir’s position in the Wash, for example the
volume mode does not steadily increase or decrease heading downstream in the Wash.
Additionally, examination of the ages of the structures also does not correlate with the
distribution of the volume and surface area modes.

49

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

300
Volume Modes (pm)
I U p s t r e a m 1 " d e p th B U p s tr e a m 6 “ d e p th ■ D o w n s tr e a m 1 " d e p th 0 D o w n s tr e a m 6 “ d e p th
250

-

<0 1 5 0

Pabco

H is to ric L a te r a l

B o s tic k

C a lic o R id g e

D e m o n s tr a tio n

R a in b o w

F ire S ta tio n

G a rd e n s

Figure 13.

Volume Modes (|im).

0.8

Surface Area Modes (pm)
I U p s tr e a m 1 " d e p th

0.6

B

U p s tre a m 6" d e p th ■ D o w n s tr e a m 1 " d e p th 0 D o w n s tr e a m 6" d e p th

-

roO .4

0.2

-

0.0
Pabco

Figure 14.

H is to ric L a te ra l

B o s tic k

C a lic o R id g e

D e m o n s tr a tio n

R a in b o w
G a rd e n s

F ire S ta tio n

Surface Area Modes (jim).

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 11.

Volume and Surface Area Modes (fim).

Pabco Road Upstream 1"
Pabco Road Upstream 6"
Pabco Road Downstream I "
Pabco Road Downstream 6"
Historic Lateral Upstream 1"
Historic Lateral Upstream 6"
Bostick Upstream 1"
Bostick Upstream 6"
Bostick Downstream 1"
Bostick Downstream 6"
Calico Ridge Upstream 1"
Calico Ridge Upstream 6"
Calico Ridge Downstream I "
Calico Ridge Downstream 6"
Demonstration Upstream I "
Demonstration Downstream 1"
Demonstration Downstream 6"
Rainbow Gardens Upstream 1"
Rainbow Gardens Upstream 6"
Rainbow Gardens Downstream 1"
Fire Station Upstream 1"
Fire Station Downstream 1"
Fire Station Downstream 6"

Volume Modes (|im)

Surface Area Modes (|im)

177.6
199.2
223.5
188.1
84.0
141.0
149.4
105.8
125.7
105.8
211.0

0.50043
0.44601
0.39750
0.28141
0.39750
0.21103
0.47243
0.17756

236.8
149.4
149.4
94.3

94.3
188.1
105.8

99.9
79.3
94.3
188.1
199.2

0.22353
0.23678
0.16763
0.16763
0.16763
0.16763
0.19922
0.50043
0.21103
0.50043
0.56149

0.47243
0.53008
0.59476
0.21103

Pair-wise comparisons, as described in the Physicochemical Characterization Data
Evaluation Methods section in Chapter 3, were performed on the volume frequency
percent and surface area population data. Evaluation of these comparisons suggests that
the downstream samples tend to have smaller volume modes than do the upstream
samples. It also appears that the 1” depth samples have, with slightly more frequency,
smaller volume modes than do the 6” depth samples. A smaller volume mode means that
the particle diameter that accounts for the majority of the volume is also smaller but not
that the sample has finer particles overall. Additionally, the downstream samples have.
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with slightly more frequency, smaller surface area modes than do the upstream samples.
Downstream samples would presumably have finer particles, because only finer particles
would be able to pass over or through the structures during normal flow. It also appears
that the 6” depth samples tend to have smaller surface area modes than do the 1” depth
samples. This indicates that the 6” depth samples contain finer sediment material than the
1” depth samples and should then have higher surface areas than the 1” depth samples.
The Calico Ridge samples are an exception because all four samples had the same surface
area mode. This doesn’t seem to be unusual since the Calico Ridge structure was the
newest completed structure (less than two years old) at the time of sampling.
Surface Area Analvsis
A Micrometries ASAP 2010 analyzer was used to determine the surface area and
pore size distribution for the sediments using the nitrogen adsorption BET method
(Brunauer et al. 1938). Specific surface area was reported in m^/g (Table 12, Figure 15).
There do not seem to be any trends correlating to location (upstream vs. downstream).
Pair-wise comparisons, as described in the Physicochemical Characterization Data
Evaluation Methods section in Chapter 3, were performed on the BET measured surface
area data. In all ten locations, either upstream or downstream, where data for both I ” and
6” depth samples existed, the surface area was larger in the 6” depth samples than the I ”
depth samples. This is consistent with the particle size distribution data which showed
that the 6” depth samples contained finer sediments than the I ” depth samples.
Additionally, the downstream samples generally have larger surface areas than do the
upstream samples. This finding is consistent with the particle size data which showed that
the downstream samples generally had finer particles than the upstream samples. The two
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Specific Surface Area of sediments (m /g).

BET Specific Surface Area (m /g)
BET
Surface
Area

BET
Surface
Area
(m^/g)

(m%)
Pabco Road Upstream 1"

4.274

Calico Ridge Downstream 1"

5.335

Pabco Road Upstream 6"

11.560

Calico Ridge Downstream 6"

10.090

Pabco Road Downstream 1"

Demonstration Upstream 1"

7.996

Pabco Road Downstream 6"

4.792
9.434

Demonstration Downstream 1"

5.167

Historic Lateral Upstream 1"

6.762

Demonstration Downstream 6"

6.698

Historic Lateral Upstream 6"

11.440

Rainbow Gardens Upstream 1"

6.616

Bostick Upstream 1"

6.218

Rainbow Gardens Upstream 6"

10.560

Bostick Upstream 6"
Bostick Downstream 1"

8.606

Rainbow Gardens Downstream 1"

14.830

9.306

Fire Station Upstream 1"

11.300

Bostick Downstream 6"

14.690

Fire Station Downstream 1"

4.197

Calico Ridge Upstream 1"

4.877

Fire Station Downstream 6"

6.647

Calico Ridge Upstream 6"

7.627
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samples with the highest surface areas are both downstream samples: Bostick
downstream 6” depth (14.69 m^/g) and Rainbow Gardens downstream 1” depth (14.83
m^/g). Other samples that had higher surface areas (>10 m^/g) were Calico Ridge
downstream 6” depth (10.09 m^/g). Rainbow Gardens upstream 6” depth (10.56 m^/g),
Fire Station upstream 1” depth (11.30 m^/g), Historic Lateral upstream 6” depth (11.44
m^/g), and Pabco Road upstream 6” depth (11.56 m^/g). The sediment characterization
data will be discussed further after the Mineralogy section.
Mineralogy
The semi-quantitative mineralogy of the 1” depth sediment samples was determined
by XRD using a PANalytical X PERT Pro^M XRD Spectrometer. Spectra were collected
in the 4 to 76° 20-range using 0.017° 20 steps and Cu K a radiation (k = 1.54060 A).
Examination of the spectra was coupled with an automated peak search using
PANalytical X ’PERT HighscoreTw software. The following minerals were found in each
sample (Figure 16 and Table 13): quartz [SiOa], plagioclase feldspars
[(Na,Ca)(Si,Al)308], calcite [CaCOs], dolomite [CaMg(C 0 3 )2j, mica represented by
biotite [K(Mg,Fe) 3(Si3Al)Oio(OH,F)2], and gypsum [CaS 0 4 ’2 H 2 0 ]. The average
mineralogical composition for all the samples was 80% quartz and feldspars, 6% biotite,
12% calcite and dolomite, and 2% gypsum (Figure 16).
The Rainbow Gardens downstream 1” depth sample had the highest percentages of
biotite (15%), much higher than any other sample, and gypsum (3%). This sample also
had the lowest combined percentage of quartz and feldspar (67%). Other samples with
lower percentages of quartz and feldspar were Bostick downstream 1” depth (76%),
Demonstration upstream 1” depth (77%), and Fire Station upstream 1” depth (77%).
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Pabco Road downstream 1” depth (87%), Fire Station downstream 1” depth (86%),
Rainbow Gardens upstream 1” depth (85%), and Calico Ridge upstream 1” depth (84%)
had the highest percentages of quartz and feldspar. Bostick downstream 1” depth (18%),
Demonstration upstream 1” depth (16%), Rainbow Gardens downstream 1” depth (15%),
and Fire Station upstream 1” depth (15%) had the highest combined percentages of
calcite and dolomite. The importance of the mineralogy of the samples will be discussed
further in the next section.

Table 13.

Semi-quantitative XRD mineralogy in percentages.
Quartz

Feldspar

Calcite

Dolomite

Biotite

Gypsum

Pabco Upstream

36

47

5

5

5

2

Pabco Downstream
Historic Lateral
Upstream
Bostick Upstream

29

58

4

6

3

1

45

37

6

6

5

1

55

28

5

5

5

2

Bostick Downstream

44

32

13

5

5

2

Calico Ridge Upstream
Calico Ridge
Downstream
Demonstration Upstream
Demonstration
Downstream
Rainbow Gardens
Upstream
Rainbow Gardens
Downstream
Fire Station Upstream

38

46

5

3

6

1

51

29

5

6

8

2

38

39

7

9

5

2

31

52

6

5

5

1

24

61

3

4

6

2

22

45

10

5

15

3

37

40

7

8

6

2

47

39

2

5

5

2

Mineralogy (%)

Fire Station Downstream
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Mineralogy by XRD
100%
90%

80%

70%

60%

50%

40%

30%

20%

10%
0%
PD

HU

BU

I G ypsum

Figure 16.

BD

CU

O B io tite

CD

DU

O C a l c it e & D o lo m ite

DD

RU

□ F e ld sp a r

@ Q u a r tz

Sample mineralogy by XRD (%).

Discussion of Characterization Data
This discussion is intended to present a clearer picture of how the sediment
characteristics can affect the surface area and so potentially affect the concentration of an
element that sediments with those characteristics can hold. Table 14 shows the measured
BET surface area, the calculated surface area, and the ratio of the BET surface area to the
calculated surface area for each sample. The calculated surface area was determined
using the following equation:

[6]

SA =
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where p is the density of quartz (2.65 g/cm^) and d is the surface area mode (|i,m) from
Table 11 (Gregg and Sing 1982). As can be seen in Table 14, for most samples the ratio of
the BET surface area to the calculated surface area is near one. This means that the
calculated surface area is about the same as the actual measured BET surface area for
those samples.
For samples that have a ratio much above or much less than one, it is necessary to
look at the mineralogy and the particle size data for possible explanations. For example,
the Rainbow Gardens downstream 1” depth sample had a ratio of 3.094 because the
measured surface area was much greater than the calculated surface area (Table 14).
From the mineralogy data in Table 13, it can be seen that the Rainbow Gardens
downstream 1” depth sample has the highest percentage of mica (biotite) out of all of the
samples measured, two to three times more than the other samples. Micas have a high
surface area which accounts for the high measured BET surface area (Table 12, Figure 15)
of that sample. This sample also had the lowest percentage of combined quartz and
feldspar, the highest percentage of gypsum, and one of the highest combined percentages
of calcite and dolomite. Inspection of the volume modes for Table 11 shows that the
Rainbow Gardens downstream 1” sample had the smallest volume mode.
The Fire Station upstream 1” depth sample had the second highest ratio (2.646)
because the measured surface area was much higher than the calculated surface area. This
sample had one of the lowest percentages of quartz and feldspar and one of the highest
combined percentages of calcite and dolomite, which may also explain the high measured
BET surface area. This sample also had one of the smallest volume modes (Table 11).
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Table 14.

BET surface area and calculated surface area (mVg).
BET
Surface
Area

(m"/g)

(m^/g)

Ratio of BET
Surface Area /
Calculated
Surface Area

Calculated
Surface Area

Pabco Upstream 1" depth

4.274

4.524

0.945

Pabco Upstream 6" depth

11.560

5.077

2.277

Pabco Downstream 1" depth

4.792

5.696

0.841

Pabco Downstream 6" depth

9.434

8.046

1.173

Historic Lateral Upstream 1" depth

6.762

5.696

1.187

Historic Lateral Upstream 6" depth

11.440

10.729

1.066

Bostick Upstream 1"depth

6.218

4.793

1.297

Bostick Upstream 6"depth

8.606

12.752

0.675

Bostick Downstream 1"depth

9.306

0.919

Bostick Downstream 6 "depth

14.690

10.129
9.562

Calico Ridge Upstream 1" depth

4.877

13.507

0.361

Calico Ridge Upstream 6" depth

7.627

13.507

0.565

Calico Ridge Downstream 1" depth

5.335

13.507

0.395

Calico Ridge Downstream 6" depth

10.090

13.507

0.747

Demonstration Upstream 1" depth

7.996

11.365

0.704

Demonstration Downstream 1" depth

5.167

4.524

1.142

Demonstration Downstream 6" depth

6.698

10.729

0.624

Rainbow Gardens Upstream 1" depth

6.616

4.524

1.462

Rainbow Gardens Upstream 6" depth

10.560

4.032

2.619

Rainbow Gardens Downstream 1" depth

14.830

4.793

3.094

Fire Station Upstream 1" depth

11.300

4.271

2.646

Fire Station Downstream 1" depth

4.197

3.807

1.102

Fire Station Downstream 6" depth

6.647

10.729

0.620

1.536

The Calico Ridge upstream 1” depth sample had the lowest ratio (0.361) because the
calculated surface area was much higher than the measured BET surface area. This
sample had one of the highest percentages of quartz and feldspar (Table 13). Quartz and
feldspars have larger sized nonporous particles with low surface areas. Inspection of the
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volume modes from Table 11 shows that the Calico Ridge upstream 1” sample also had
one of the highest volume modes.
Particle Morphologv
A JEOL JSM-5610 SEM was used to examine particle morphology. Qualitative
elemental analysis was performed using EDS to compare with the XRD mineralogy.
Several micrographs were taken at different magnifications of each sample. Figures
16-19 show representative images and corresponding EDS spectra that show that
mineralogy is consistent with XRD analyses.
Figure 17 shows the SEM image and corresponding EDS spectrum for gypsum. The
EDS spectrum in this figure shows the elements present in the highest concentration are
oxygen, sulfur, and calcium which is consistent with the chemical formula of gypsum
[CaSO^ZH^O]. Figure 18 shows the SEM image and corresponding EDS spectrum for
calcite. The EDS spectrum in this figure shows the elements present in the highest
concentration are oxygen and calcium and this is consistent with the chemical formula of
calcite [CaCOs]. Figure 19 shows the SEM image and EDS spectra for biotite. The EDS
spectrum in this figure shows the elements present in the highest concentration are
oxygen, silicon, magnesium, aluminum, and potassium and this is consistent with the
chemical formula of biotite [K(Mg,Fe) 3(Si3Al)Oio(OH,F)2]. Figure 20 shows the SEM
image and corresponding EDS spectrum for dolomite. The EDS spectrum in this figure
shows the elements present in the highest concentration are oxygen, magnesium, and
calcium and this is consistent with the chemical formula for dolomite [CaMg(C 0 3 )2j.
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Full scale = 4 cps
SpecRD24

Cutset: 7.0075 keV

Figure 17. SEM image (1500x) and EDS spectrum of gypsum from Rainbow Gardens
downstream 1” sample.
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Figure 18. SEM image (950x) and EDS spectrum of calcite from Demonstration Weir
downstream 1” depth sample.
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Biotite

Full scale = 160 cps
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Figure 19. SEM image (1200x) and EDS spectrum of biotite from Bostick downstream
1” depth sample.
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• .V .'

Full scale = 2 cps
5pecBD213

Cursor: 10.0475 keV

Figure 20. SEM image (2500x) and EDS spectrum of dolomite from Bostick
downstream 1” depth sample.
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Elemental Data
Selenium, arsenic, boron, and phosphorus were extracted from the sediment samples
using the methods described in Chapter 3. The supernatants and sediment extracts were
analyzed for selenium and arsenic using GFAAS and for boron and phosphorus using
UV'Vis spectroscopy. The data collected was evaluated as described in Chapter 3.
Selenium
Environmentally available selenium concentrations (Table 15, Figures 21-23) ranged
from 1.5 to 4.9 mg/kg in the samples collected from the top inch of sediment (1” depth).
For the samples collected from one to six inches below (6” depth), selenium values
ranged from 1.4 to 4.4 mg/kg.
The sediment selenium concentrations for the Fire Station upstream 1” depth
duplicate samples were 2.9 and 3.5 mg/kg. The percent difference is 19%. The spike
recovery checks performed during the GFAAS analyses of the sediment samples
produced the following percent recoveries: 105, 137,99, and 125%. The sediment
extracts that were analyzed twice as analysis duplicates had percent differences of 4 to
5%.
Three statistical analyses of the selenium data were performed, as described in the
Elemental Data Evaluation Methods section in Chapter 3. The first was a weir-by-weir
analysis. A one-way ANOVA was run on the grouped weir data to see if there was a
statistical difference between the selenium concentrations for each w eir’s sediment.
ANOVA, at a 95% confidence level, showed no significant difference between weirs, F(6,
16) = 0.972 (F; degrees of freedom for independent variables, degrees of freedom for data
points), P = 0.475 (P value must be below 0.05 for the results to be statistically
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Table 15.

Selenium sediment concentrations (mg/kg).

Selenium 3050B Extraction Concentration

1" depth (mg/kg)

6" depth (mg/kg)

Pabco Upstream

1.7

2.1

Pabco Downstream

2.0

2.9

Historic Lateral Upstream

2.4

1.7

Bostick Upstream

1.6

4.4

Bostick Downstream

3.3

2.1

Calico Ridge Upstream

1.6

2.2

Calico Ridge Downstream

2.0

1.4

Demonstration Upstream

2.4

---

Demonstration Downstream

1.6

1.8

Rainbow Gardens Upstream

2.1

2.2

Rainbow Gardens Downstream

4.9

---

Fire Station Upstream

2.9

---

Fire Station Downstream

1.5

2.8

6,0

Environmentally Available Selenium (Sediment) - Aii Samples (mg/kg)
# U p s tre a m 1 " d e p th

H U p s tre a m 6 “ d e p th

# D o w n s tr e a m 1 " d e p th

B D o w n s tr e a m 6" d e p th [

5 .0

4 .0

3 .0

2.0

1.0

0.0
Pabco

Figure 21.
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Environmentally available selenium sediment concentrations (mg/kg).
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Environmentally Available Selenium (Sediment) 1 " depth (mg/kg)
■ U p s tr e a m 1 " d e p th
B D o w n s tr e a m 1 " d e p th

Pabco

H isto ric L a te r a l

B o s tic k

C a lic o R id g e

D e m o n s tr a tio n

R a in b o w

F ire S ta tio n

G ard en s

Figure 22.

Selenium sediment concentrations, 1” depth (mg/kg).

Environmentally Available Selenium (Sediment) 6" depth (mg/kg)
■ U p s tre a m 6" d e p th
□ D o w n s tr e a m 6" d e p th

P abco

Figure 23.

H isto ric L a te ra l

B o s tic k

C a lic o R id g e

D e m o n s tr a tio n

R a in b o w
G a rd e n s

Fire S ta tio n

Selenium sediment concentrations, 6" depth (mg/kg).
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significant at a 95% confidence level). Statistically this indicates that there is no
difference in selenium concentrations in the sediments from weir to weir. This indicates
that, at the time of sampling, either there were no selenium inputs or sinks in that stretch
of the Wash or that there were multiple inputs and sinks between weirs and they were
canceling each other out.
The second statistical analysis performed was an independent t-test on the upstream
and downstream data to see if there was a significant statistical difference between the
upstream and downstream sediment selenium concentrations. This test showed that the
upstream and downstream data sets were not statistically different at a 95% confidence
level, T( 21)=1.186, P=0.288. Then, according to the statistics, the weir structures
themselves were not causing a significant difference in the selenium concentrations
upstream and downstream of each structure at the time of sampling. For instance, if a
structure was causing selenium to pool in the sediment upstream there should be a
significant difference between the upstream and downstream concentrations.
The last statistical analysis performed was an independent t-test on the 1” and 6”
depth data to see if there was a significant statistical difference between the 1” and 6”
depth sediment selenium concentrations. This test showed that the 1” and 6” depth data
sets were not statistically different at a 95% confidence level, T(21)=0.109, P=0.744. This
suggests that selenium was not partitioning into the deeper sediments at the time of
sampling.
The ORNL selenium sediment value used to determine toxicity for plants is 1 mg/kg
(Table 9). The concern level for sediment reported in Tuttle and Thodal (1998; Table 10)
is also 1 mg/kg, while the effect level is 4 mg/kg. All of the samples (Table 15) had
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selenium concentrations greater than the concern level. Only two samples had
concentrations above the effect level, 4.4 mg/kg for Bostick upstream 6” depth and 4.9
mg/kg for Rainbow Gardens downstream 1” depth (Figure 21). Just upstream of both
these locations construction and restoration activities were taking place and soil from the
banks was being moved into the Wash. Selenium levels in soil are known to be elevated
in the Western United States and specifically in the areas near the Wash (Papelis and
Harris-Burr, unpublished data). Introduction of selenium rich soil into the system may
explain the elevated levels of selenium at these two sites.
Examination of the graphs for the environmentally available selenium sediment
data (Figures 21-23) does not show any trends in concentration distribution in either the
upstream or downstream direction in the Wash. Pair-wise comparisons, as described in
the Elemental Data Evaluation Methods section in Chapter 3, were performed on the data.
In seven out of ten locations, either upstream or downstream, where data for both 1” and
6” depth samples existed, the concentration of selenium was higher in the 6” depth
sample than in the corresponding 1” depth sample (Pabco Road upstream and
downstream, Bostick upstream. Calico Ridge upstream. Demonstration downstream.
Rainbow Gardens upstream. Fire Station downstream). In three out of ten locations the
concentration of selenium was higher in the 1” depth sample than in the corresponding 6”
depth sample (Historic Lateral upstream, Bostick downstream. Calico Ridge
downstream). In four out of six of the 1” depth locations, where both upstream and
downstream data existed, the concentration of selenium was larger in the downstream
samples than in the upstream samples (Pabco, Bostick, Calico Ridge, Rainbow Gardens).
In two out of six locations the concentration of selenium was larger in the upstream

68

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

samples than in the downstream samples (Demonstration, Fire Station). In two out of
three of the 6” depth locations, where both upstream and downstream data existed, the
concentration of selenium was larger in the upstream samples than in the downstream
samples (Bostick, Calico Ridge). In one out of three locations the concentration of
selenium was larger in the downstream sample than in the upstream sample (Pabco).
The pair-wise comparisons conducted show that the 6” depth samples generally have
higher concentrations of selenium than the 1” depth samples. Particle size and surface
area data also suggest that, in general, the 6” depth samples have finer particle sizes and
larger surface areas. These characteristics would lead to more locations for selenium to be
sorbed on the sediments and greater selenium concentration on the 6” samples. As
discussed previously, statistical analysis of the data showed no significant difference
between 1” and 6” depth samples. However, it is important to remember that in order to
perform statistics on the 1” depth samples versus the 6” depth samples all of the 1” depth
samples from all of the weirs had to be grouped together and that the same had to be done
with the 6” depth samples. This averaging of the data can easily mask concentration
differences at particular locations that are apparent when examining the data visually.
Additionally, the pair-wise comparisons suggest that the downstream samples have,
with slightly more frequency, higher selenium concentrations than do the upstream
samples. Again, the particle size and surface area data, in general, suggest that the
downstream samples have finer particles and higher surface areas than the upstream
samples do. However, again the statistical analysis of the data showed no significant
difference between upstream and downstream samples.
Table 16 shows reported sediment selenium values from the prior studies discussed
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in Chapter 1. The characteristics of the sediments analyzed in these studies are unknown
and so only a general comparison can be made to the current data. The concentrations
reported by Cizdziel and Zhou (2005), which are from locations within the Wash, and
Bashor (1994), using a soil sample from the west central Las Vegas Valley, are an order of
magnitude lower than the sediment concentrations determined in this project (Table 16).
The concentrations reported by Bevans et al. (1998) are from the Nevada Basin and
Range Unit, which includes the Las Vegas Wash, Carson River, and Truckee River, and
for 20 units across the United States. These two ranges of sediment concentrations are the
same (Table 16) and the current project’s concentrations all fall within that range. The
concentrations reported by Papelis (2004), which are from locations within the Wash, are
generally reported as less than 5 mg/kg and this also matches well with the current data,
most likely because the same sampling techniques were used in both projects. Making
comparisons of the current data to data from other studies can be ambiguous because
there was little, if any, sediment characterization performed on the samples from the other
studies.
Many of the prior studies discussed in Chapter 1 measured groundwater selenium
concentrations (Table 17). Shallow groundwater is a minor component of the Wash flow
in terms of water volume but it can still be a large contributor of selenium in terms of
concentration. Bashor (1994) found that groundwater from wells in developed areas of
Las Vegas had higher selenium concentrations (6 - 67 |ig/L) than groundwater from
undeveloped areas (< 4 |lg/L). Developed areas tend to have more grass. Landscape
irrigation water leaches selenium from soils as it seeps down to the aquifer, thus
potentially increasing the selenium concentration in the groundwater.

70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Sediment
Selenium
concentrations
(mg/kg)

Mean
sediment
concentration
(Cizdziel and
Zhou 2005)

Pabco Road
downstream

0.347

Pabco Road
downstream

0.347

Historic Lateral
upstream

0.431

Historic Lateral
downstream

0.473

Surface soil
concentration
(Bashor
1994)

Sediment
concentrations
(Bevans et al.
1998)

Sediment
concentrations
(Papelis 2004)

Las Vegas Wash

<5-6.7

Las Vegas Wash
surrounding
areas

<5

West-central Las
Vegas

0.69

Nevada Basin
and Range Unit

0.1 - 10

United States
(20 Units)

0.1 - 10
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Table 17.

Groundwater selenium concentrations reported from prior studies (p.g/L).

Groundwater
selenium
concentrations
(|ig/L)

Las
y
w fh

Valley
wells

Valley wells
(“ developed
areas)

(
areas)

Southeast
Las
Vegas
wells

Las Vegas
recharge
wells
(Lake
Mead
water)

Las
Vegas
Valley
wells

Mean
groundwater
concentration
(Cizdziel and
Zhou 2005)
Shallow
groundwater
concentrations
(Bashor 1994)

<4. 0

Shallow
groundwater
concentrations
(Bashor 1994)

6-67

Average
groundwater
concentration
(Suarez 1999)

6.9

Average
groundwater
concentration
(Suarez 1999)

4.3

Groundwater
concentrations
(Dettinger

<0. 5
7

1987)

The supernatant for each sample was also analyzed for selenium (Figure 24, Tahle

18). The supernatant concentrations were compared to water quality data from the USGS
NWIS website for the Wash at the Pabco Road station (#09419700) and to the average
concentration, at several corresponding sites in the Wash, from the LVWCC water quality
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monitoring program (Table 18). The USGS measurements for selenium in filtered water
were collected from the Wash at Pabco Road between 2000 and 2002. The LVWCC
measurements were collected between 2000 and 2006. The supernatant selenium
eoneentrations for the Fire Station upstream 1” depth duplieate samples were 2.2 and 1.7
)Lig/L. The percent difference is 26%. The spike recovery checks performed during the

GFAAS analyses of the supernatant samples produeed the following percent recoveries:
110, 88, 86, and 100%. The supernatants that were analyzed twice as analysis duplicates
had percent differences of 5 or 9%.

12

Supernatant Selenium - All Samples (|xg/L)
# U p s tre a m 1 " d e p th

Pabco
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Figure 24.

Selenium supernatant concentrations ((tg/L).

Of the Pabco Road samples in this project, the two 1” depth samples (upstream and
downstream) were within the USGS range and very close to the LVWCC values.
However, the two 6” depth samples, upstream and downstream, had concentrations above
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the USGS range, 10.6 and 7.1 lag/L, respectively. The average LVWCC concentration for
Historic Lateral upstream was 3.4 |ig/L, while the upstream 1” and 6” depth samples had
concentrations of 4.4 |ig/L and 2.3 |ig/L, respectively. The average LVWCC
Demonstration upstream sample was 3.1 p.g/L while the upstream 1” depth sample had a
concentration of 0.1 |ig/L. The average LVWCC Demonstration downstream sample was
3.09 while the downstream 1” and 6” depth samples had concentrations of 5.4 |ig/L and
7.3 |4g/L, respectively. Additionally, these two Demonstration Weir downstream samples
had concentrations above the USGS range. The Rainbow Gardens Weir upstream 6”
depth sample and the downstream 1” depth sample (6.9 and 8.2 p.g/L) were also above
the USGS range. The rest of the samples fell within the USGS range.

Table 18.

Selenium supernatant concentrations (p.g/L).

Selenium Supernatant
Concentrations and Comparative
Water Values
Pabco Upstream
Pabco Downstream
Historic Lateral Upstream
Bostick Upstream
Bostick Downstream
Calico Ridge Upstream
Calico Ridge Downstream
Demonstration Upstream

Demonstration Downstream
Rainbow Gardens Upstream
Rainbow Gardens Downstream
Fire Station Upstream
Fire Station Downstream

USGS
Pabco
Road
Average
(lig/L)

USGS
Pabco
Road
Range
(ffg/L)

3.3
3.2
3.4

3.4

2.0 - 5.2

---

---

---

---

---

---

---

---

---

---

4

---

---

---

5.1
0.1

4.2

---

---

---

---

3.1

---

---

5.4

7.3

3.1

---

---

3.3

6.9

---

---

---

8.2
4.9
2.5

---

---

---

---

---

---

---

---

1.6

---

---

---

1"
depth
(Ifg/L)

6"
depth
(|4g/L)

4.7
3.5
4.4

10.6
7.1
2.3
1.9
3.4

3.1
3.1
4.9

LVWCC
average
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Another way to look at the data is to calculate partition coefficients (Kc) for each
sample site. The Kc values (Table 19) were normalized by surface area. For the samples
collected from the 1” depth, the Kg values ranged from 0.04 to 0.14 L/m^. The only
exception was the Demonstration Weir upstream sample (3.14 L/m^) and this sample had
a much lower supernatant selenium concentration than the other samples. The samples
collected from the 6” depth ranged from 0.02 to 0.07 'Live?. The two exceptions were the
Bostick Weir upstream and Fire Station Weir downstream samples (both 0.27 Live?) and
both of these samples had slightly lower supernatant selenium concentrations than the
other samples.

Table 19.

Selenium partition coeffiecients (L/m^).
1" depth

(LW)

6" depth
(L/m^)

Pabco Upstream

0.09

0.02

Pabco Downstream

0.12

0.04

Historic Lateral Upstream

0.08

0.06

Bostick Upstream

0.08

0.27

Bostick Downstream

0.12

0.04

Calico Ridge Upstream

0.07

0.07

Calico Ridge Downstream

0.07

0.03

Demonstration Upstream

3.14

---

Demonstration Downstream

0.06

0.04

Rainbow Gardens Upstream

0.09

0.03

Rainbow Gardens Downstream

0.04

---

Fire Station Upstream

0.05

—

Fire Station Downstream

0.14

0.27

Selenium Kc Values
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As discussed previously, a fractional analysis of selenium was attempted. While all
the fractional extractions were completed, only two of the fractions were successfully
analyzed: soluble selenium and the oxide fraction. Figures 25 and 26 show the
concentrations of the soluble and oxide fractions along side the environmentally available
selenium concentrations. It can be seen from these graphs that the soluble fraction has
extremely low concentrations of selenium as compared to the oxide fraction and the
environmentally available selenium. This does not seem to be out of the ordinary since
the sediments were already exposed to water before sampling and also because the water
was not removed from the samples right away. Theoretically there was time for the easily
extractable selenium to partition from the sediment into the supernatant prior to sampling
or separation. The oxide fraction comprises less than half of the environmentally
available selenium, so the adsorbed, carbonate, and soil organic matter fractions must
contain the rest of the selenium in the sample.
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5

Selenium Fractions (Sediment) 1 " depth (mg/kg)
■ U p stream Soluble Fraction (m g/kg)
Q U p stre a m O x id es Fraction (m g/kg)
4
O U p stre a m E nvironm entally A vailable
(3050B ) (m g/kg)
B D o w n stream Soluble Fraction (m g/kg)
0 D o w n stream O xides Fraction (m g/kg)
3

O D o w n stream

Environm entally Available
(3 0 5 0 6 ) (m g/kg)______________________

2

1

0
Pabco

Figure 25.
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Selenium fractions in sediment, 1" depth (mg/kg).

5

Selenium Fractions (Sediment) 6" depth (mg/kg
■ U pstream Soluble Fraction (m g/kg)
□ U pstream O xides Fraction (mg/kg)
4
□ U pstream Environm entally Available
(3050B) (mg/kg)
■ D ow nstream S oluble F ra d io n (m g/kg)
D ow nstream O xides Fraction (mg/kg)

3

□ D ow nstream Environm entally Available
(3050B) (mg/kg)______________________

2

1

0
P abco

Figure 26.

H isto ric L a te ra l

B o stic k

C a lic o R id g e

D e m o n s tra tio n

R a in b o w
G ard en s

F ire S ta tio n

Selenium fractions in sediment, 6" depth (mg/kg).
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Arsenic
Environmentally available arsenic (Table 20, Figures 27-29) concentrations ranged
from 4.5 to 23.2 mg/kg in the samples eollected from the top inch of sediment (1” depth).
For the samples collected from one to six inches below (6” depth), arsenic values ranged
from 3.0 to 8.9 mg/kg.
The sediment arsenic concentrations for the Fire Station upstream 1” depth duplicate
samples were 11.7 and 10.9 mg/kg. The pereent difference is 7%. The spike reeovery
eheeks performed during the GFAAS analyses of the sediment samples produced the
following percent reeoveries: 80, 81, and 91%. The sediment extracts that were analyzed
twiee as analysis duplicates had percent differenees of <1, 2, and 6%.

Table 20.

Arsenie sediment concentrations (mg/kg).

Arsenic 3050B Extraction Concentration

1" depth (mg/kg)

6" depth (mg/kg)

Pabco Upstream

7.7

7.2

Pabco Downstream

9.1

&4

Historié Lateral Upstream

4.5

3.0

Bostick Upstream

5.3

5.2

Bostick Downstream

8.6

7.4

Calieo Ridge Upstream

4.7

4.3

Calico Ridge Downstream

5.2

5.3

Demonstration Upstream

10.6

---

Demonstration Downstream

10.0

7.4

Rainbow Gardens Upstream

8.9

8.9

Rainbow Gardens Downstream

2L2

---

Fire Station Upstream

11.7

---

Fire Station Downstream

6.1

6.7
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Environmentally Available Arsenic (Sediment) - All Samples (mg/kg)

P abco

U p s tr e a m 1 d e p th

B U p s tr e a m 6 ' d e p th

D o w n s tr e a m 1 " d e p th
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B o s tic k
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D e m o n s tr a tio n

R a in b o w

F ire S ta tio n

G ard en s

Figure 27.

Environmentally available arsenic sediment concentrations (mg/kg).

25

Environmentally Available Arsenic (Sediment) 1" depth (mg/kg)
■ U p s tr e a m 1 " d e p th
O D o w n s tr e a m 1 " d e p th

20

15

10
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I

H isto ric L a te r a l

B o s tic k
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G ard en s

Figure 28.

Arsenic sediment concentrations, 1" depth (mg/kg).
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25

Environmentally Available Arsenic (Sediment) 6" depth (mg/kg)
■ U p s tre a m 6" d e p th

20
C3 D o w n s tr e a m 6" d e p th

15

10

Pabco

Figure 29.
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Arsenic sediment concentrations, 6" depth (mg/kg).

Three statistical analyses of the arsenic data were performed, as described in the
Elemental Data Evaluation Methods section in Chapter 3. The first was a weir by weir
analysis. A one-way ANOVA was run on the grouped data to see if there was a statistical
difference between the arsenic concentrations for each w eir’s sediment. ANOVA, showed
statistical significance for the data, F(6, 16) = 2.894, P<0.05.
Following the ANOVA, a Tukey test indicated where the sediment arsenic
concentrations were statistically different. The grouped arsenic sediment concentrations
of the Historic Lateral weir (4.5 and 3.0 mg/kg) and the grouped arsenic sediment
concentrations of the Rainbow Gardens weir (8.9, 8.9, and 23.3 mg/kg) were found to be
significantly different from each other, P<0.05. Also the grouped sediment arsenic
concentrations of the Calico Ridge weir (4.7, 4.3, 5.2, and 5.3 mg/kg) and the Rainbow
Gardens weir (8.9, 8.9, and 23.3 mg/kg) were found to be significantly different from
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each other, P<0.05. The concentrations of both the Historic Lateral and Calieo Ridge
weirs on the whole were slightly lower than the other four weirs (excluding Rainbow
Gardens) which is most likely why they were shown to be significantly different than
Rainbow Gardens.
The second statistical analysis performed was an independent t-test on the upstream
and downstream data to see if there was a signifieant statistical difference between the
upstream and downstream sediment arsenic concentrations. This test showed that the
upstream and downstream data sets were not statistieally different at a 95% confidence
level, T(21)=0.212, P=0.650. As with selenium, the statistieal data suggest that the weir
structures themselves were not causing a significant difference in the arsenic
concentrations between upstream and downstream and that the weirs were not affecting
the distribution of arsenic along the Wash at the time of sampling.
The last statistical analysis performed was an independent t-test on the 1” and 6”
depth data to see if there was a signifieant statistieal differenee between the 1” and 6”
depth sediment arsenie eoneentrations. This test showed that the 1” and 6” depth data sets
were not statistieally different at the 95% confidenee level, T(21)=L575, P=0.223. This
suggests that arsenic was not partitioning into the deeper sediments at the time of
sampling.
The ORNL arsenie sediment value used to determine toxieity for plants is 10 mg/kg
(Table 9). The concern level for sediment reported in Tuttle and Thodal (1998; Table 10)
is 33 mg/kg, while the effect level is 85 mg/kg. All but four of the samples (Table 20) had
arsenic concentrations below 10 mg/kg. None of the samples had concentrations above
the concern level. Both the upstream and downstream Demonstration Weir 1” depth
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samples were at or above 10 mg/kg (10.6 and 10.0 mg/kg respectively). The downstream
1” depth sample from the Rainbow Gardens weir had an arsenic concentration of 23.2
mg/kg and the upstream 1” depth sample from the Fire Station weir had an arsenic
concentration of 11.7 mg/kg (Figure 26). Just below the Rainbow Gardens structure,
construction was taking place and soil from the banks was being moved into the Wash,
potentially introducing more arsenic to the system and causing the increase in arsenic
downstream of the Rainbow Gardens structure and upstream of the Fire Station structure.
Examination of the graphs for the environmentally available arsenic sediment data
(Figures 27-29) does not show any trends in concentration distribution in either the
upstream or downstream direction in the Wash. Pair-wise comparisons, as described in
the Elemental Data Evaluation Methods section in Chapter 3, were performed on the data.
In six out of ten locations, either upstream or downstream, where data for both 1” and 6”
depth samples existed, the concentration of arsenic was higher in the 1” depth samples
than in the corresponding 6” depth samples (Pabco Road upstream and downstream.
Historic Lateral upstream, Bostick downstream. Calico Ridge upstream. Demonstration
downstream). In one out of ten locations the concentration of arsenic was higher in the 6”
depth samples than in the 1” depth samples (Fire Station downstream). In three out of ten
of the locations the concentration of arsenic was the same (difference was less than one
standard deviation) in both the 1” and 6” depth sample (Rainbow Gardens upstream,
Bostick upstream. Calico downstream). In four out of six of the 1” depth locations, where
both upstream and downstream data existed, the concentration of arsenic was larger in the
downstream samples than in the upstream samples (Pabco, Bostick, Calico Ridge,
Rainbow Gardens). In two out of six locations the concentration of arsenic was larger in
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the upstream samples than in the downstream samples (Demonstration, Fire Station). In
all three of the 6” depth locations, where both upstream and downstream data existed, the
concentration of arsenic was larger in the downstream samples than in the upstream
samples (Pabco, Bostick, Calico Ridge).
The pair-wise comparisons conducted suggest that the 1” depth samples have higher
concentrations of arsenic than the 6” depth samples. This finding appears to be
inconsistent with the particle size trends observed, however sediments that have been
only recently deposited may have a higher concentration, especially if the residence time
in the water is short. As previously diseussed, statistical analysis of the data showed no
significant difference between 1” and 6” depth samples. However, it is important to
remember that in order to perform statistics on the upstream samples versus the
downstream samples all of the upstream samples from all of the weirs had to be grouped
together and that the same had to be done with the downstream samples. This averaging
of the data can easily mask concentration differences at particular locations that are
apparent when examining the data visually.
Additionally, the pair-wise comparisons suggest that the downstream samples have,
with slightly more frequency, larger arsenic concentrations than the upstream samples.
The particle size and surface area data suggest, in general, that the downstream samples
have finer particles and higher surface areas then the upstream samples. Again, the
statistical analysis of the data showed no significant difference between upstream and
downstream samples.
Table 21 shows reported sediment arsenic values from the prior research discussed in
Chapter 1. As stated in the selenium section, the sediment characteristics of these samples
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are unknown and so only a general comparison to the current data can be made. The
concentrations reported by Bevans et al. (1998) have a wide range because the samples
were obtained from within the NVBR and also nationwide and some of these sites are
affected by mine drainage or industrial contamination and are very high compared to Las
Vegas. The concentrations reported by Papelis (2004) match well with the current data,
most likely because the same sampling techniques were used in both projects.

Table 21.

Sediment arsenic concentrations reported from prior studies (mg/kg).

Sediment arsenic concentrations (mg/kg)

Sediment arsenic
concentrations
(Bevans et al. 1998)

Sediment arsenic
concentrations
(Papelis 2004)

Las Vegas Wash

9.4 - 24

Las Vegas Wash surrounding areas

12-13

Nevada Basin and Range Unit

8 - 100

United States (20 Units)

1-300

Table 22 shows the groundwater concentrations for arsenic that were reported in
prior studies discussed in Chapter 1. Many of these samples were above the 10 ppb
arsenic MCL for drinking water that has been set by the US EPA. Again, groundwater
that has leached arsenic out of rocks and soils may be contributing to the elevated arsenic
levels found in the Wash.
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Table 22.

Groundwater arsenic concentration reported from prior studies (ftg/L).

Groundwater arsenic
concentrations (fig/L)

Average
groundwater
concentration
(Suarez 1999)

Southeast Las Vegas wells

10.6

Las Vegas recharge wells
(Lake Mead water)

Average
groundwater
concentration
(Suarez 1999)

Groundwater
concentrations
(Dettinger 1987)

2.4
<1-34

Las Vegas Valley wells

The supernatant for each sample was also analyzed for arsenic (Table 23, Figure 30).
The supernatant concentrations were first compared to water quality data from the USGS
NWIS website for the Wash at the Pabco Road station (#09419700) and to the average
concentration, at several sites in the Wash, from the LVWCC water quality monitoring
program (Table 23). The USGS measurements for arsenic in filtered water were collected
from the Wash at Pabco Road between 2000 and 2002. The LVWCC measurements were
collected between 2000 and 2006. The supernatant arsenic concentrations for the Fire
Station upstream 1” depth duplicate samples were 29 and 41 jlg/L. The percent difference
is 26%. The spike recovery checks performed during the GFAAS analyses of the
supernatant samples produced the following percent recoveries; 96 and 80%. The
supernatants that were analyzed twice as analysis duplicates had percent differences of <1,
2, and 8%.
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Figure 30.

Arsenic supernatant concentrations (fig/L).

Of the Pabco Road samples in this project, all four samples were above the USGS
range and the LVWCC averages: 48|0,g/L for the upstream 1” depth sample, 15 |0,g/L for
the upstream 6” depth sample, 291)Xg/L for the downstream 1” depth sample, and 64 |0,g/L
for the downstream 6” depth sample. The Historic Lateral and Demonstration sites were
also much higher than the corresponding LVWCC concentrations. Only two samples had
concentrations within or below the USGS range (Calico Ridge upstream 1” and 6” depth
samples) while all the rest of the samples had concentrations substantially higher than the
range. As previously mentioned, most of the sediment samples were below the SPV,
concern level, and effect level. It appears then that the arsenic present may be fairly
mobile and transfer easily from the sediments to the aqueous phase.
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Table 23.

Arsenic supernatant concentrations (jJ-g/L).

LVWCC
average

USGS
Pabco
Road
Average
(|ig/L)

USGS
Pabco
Road
Range
(ftg/L)

15

7

7

5 -8

291

64

8

---

---

Historic Lateral Upstream

39

12

8

---

---

Bostick Upstream

19

71

---

---

---

Bostick Downstream

43

29

---

---

---

Calico Ridge Upstream

7

3

---

---

---

Calico Ridge Downstream

15

13

---

---

---

Demonstration Upstream

21

---

9

---

---

Demonstration Downstream

31

45

10

---

---

Rainbow Gardens Upstream

11

130

---

---

---

Rainbow Gardens Downstream

64

---

---

---

---

Fire Station Upstream

29

---

---

---

---

Fire Station Downstream

21

23

---

---

---

1"
depth
(fig/L)

6"
depth
(ftg/L)

Pabco Upstream

48

Pabco Downstream

Arsenic Supernatant
Concentrations and Comparative
Water Values

Conditional partition coefficients (Kc) were clculated for each sample site. For
the samples collected from the 1” depth, the Kc values (Table 24) ranged from 0.03 to
0.84 l W with most of the values above 0.20 L/m^. The samples collected from the 6”
depth ranged from 0.07 to 0.48 l W with the exception of Calieo upstream (1.41 L/m^)
and this sample had the lowest supernatant concentration.
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Table 24.

Arsenic partition coefficients (L/m^).
Arsenic Kc Values

1" depth (L/m^)

6" depth (L W )

Pabco Upstream

0T6

0.48

Pabco Downstream

0.03

0.13

Historic Lateral Upstream

0.11

0.25

Bostick Upstream

(128

0.07

Bostiek Downstream

0.20

0.26

Calico Ridge Upstream

0.68

1.41

Calico Ridge Downstream

0.35

0.42

Demonstration Upstream

0.50

---

Demonstration Downstream

0J3

0.16

Rainbow Gardens Upstream

0.84

0.07

Rainbow Gardens Downstream

0.36

---

Fire Station Upstream

0.40

---

Fire Station Downstream

0.30

0.29

Boron
Environmentally available boron concentrations (Table 25, Figures 31-33) ranged
from 0.7 to 2.2 mg/kg in the samples collected from the top inch of sediment (1” depth).
For the samples collected from one to six inches below (6” depth), boron values ranged
from 0.5 to 1.4 mg/kg.
The sediment selenium concentrations for the Fire Station upstream 1” depth
duplicate samples were 1.7 mg/kg and unknown due to a laboratory error during the
extractions.
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Table 25.

Boron sediment concentrations (mg/kg).
Boron
Extraction Concentration

1" depth (mg/kg)

6" depth (mg/kg)

Pabco Upstream

0.9

1.0

Pabco Downstream

1.0

1.3

Historic Lateral Upstream

1.5

0.9

Bostick Upstream

1.2

1.4

Bostick Downstream

1.4

0.8

Calico Ridge Upstream

0.7

0.5

Calico Ridge Downstream

1.0

1.2

Demonstration Upstream

2.1

---

Demonstration Downstream

1.2

1.0

Rainbow Gardens Upstream

1.2

1.4

Rainbow Gardens Downstream

2.2

---

Fire Station Upstream

1.6

---

Fire Station Downstream

0.8

1.0

Extractable Boron (Sediment) - All Samples (mg/kg)
■ U p s tr e a m 1 " d e p th

Q U p s tr e a m 6 " d e p th

■ D o w n s tr e a m 1 " d e p th

B D o w n s tr e a m 6" d e p th
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Figure 31.
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Environmentally available boron sediment concentration (mg/kg).
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Extractable Boron (Sediment) 1 depth (mg/kg)
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Boron sediment concentrations, 1" depth (mg/kg).

Extractable Boron (Sediment) 6 " depth (mg/kg)
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Figure 33.

Boron sediment concentrations, 6" depth (mg/kg).
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Three statistical analyses of the boron data were performed, as described in the
Elemental Data Evaluation Methods section in Chapter 3. The first was a weir-by-weir
analysis. A one-way ANOVA was run on the grouped weir data to see if there was a
statistical difference between the boron concentrations for each w eir’s sediment. ANOVA
showed no statistical significance for the data, F(6, 16) = 1.338, P = 0.297. Statistically
this means that there is no difference in boron concentrations in the sediment from weir to
weir. This indicates that, at the time of sampling, either there were no boron inputs or
sinks in that stretch of the Wash or that there multiple inputs and sinks between weirs and
they were canceling each other out.
The second statistical analysis performed was an independent t-test on the upstream
and downstream data to see if there was a significant statistical difference between the
upstream and downstream sediment boron concentrations. This test showed that the
upstream and downstream data sets were not statistically different at a 95% confidence
level, T(21)=0.566, P=0.460. As with selenium and arsenic, this suggests that, at the time
of sampling, the weir structures themselves are not causing a significant difference in the
boron concentrations between upstream and downstream and that the weirs are not
affecting the distribution of boron along the wash.
The last statistical analysis performed was an independent t-test on the 1” and 6”
depth data to see if there was a significant statistical difference between the 1” and 6”
depth sediment boron concentrations. This test showed that the one depth and 6” depth
data sets were not statistically different at a 95% confidence level, T(21)=2.590, P=0.122.
This suggests that boron was not partitioning into the deeper sediments at the time of
sampling.
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The ORNL boron SPV used to determine toxicity for plants is 0.5 mg/kg (Table 9).
There were no concern or effect levels for boron reported in Tuttle and Thodal (1998). All
of the samples (Table 25) had boron concentrations equal to or greater than 0.5 mg/kg.
The sediment concentrations for the 1” depth samples ranged from 0.7 to 2.2 mg/kg of
boron, while for the 6” depth samples the concentrations ranged from 0.5 to 1.4 mg/kg.
This is significant because it substantiates the earlier finding by Papelis (2004) that boron
concentrations may be elevated in the Wash sediments by showing that the boron
concentrations are above the SPV.
Examination of the graphs for the environmentally available boron sediment data
(Figures 31-33) does not show any trends in concentration distribution in either the
upstream or downstream direction in the Wash. Pair-wise comparisons, as described in
the Elemental Data Evaluation Methods section in Chapter 3, were performed on the data.
In six out of ten locations (either upstream or downstream), where data for both 1” and 6”
depth samples existed, the concentration of boron was higher in the 6” depth samples
than in the corresponding 1” depth samples (Pabco Road upstream and downstream,
Bostick upstream. Calico Ridge downstream. Rainbow Gardens upstream. Fire Station
downstream). In four out of ten locations the concentration of boron was higher in the 1”
depth samples than in the 6” depth samples (Historic Lateral upstream, Bostick
downstream. Calico Ridge upstream. Demonstration Downstream). In four out of six of
the 1” depth locations, where both upstream and downstream data existed, the
concentration of boron was larger in the downstream samples than in the upstream
samples (Pabco, Bostick, Calico Ridge, Rainbow Gardens). In two out of six locations
the concentration of boron was larger in the upstream samples than in the downstream
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samples (Demonstration, Fire Station). In two out of three of the 6” depth locations,
where both upstream and downstream data existed, the concentration of boron was larger
in the downstream samples than in the upstream samples (Pabco, Calico Ridge). In one
out of ten locations the concentration of boron was larger in the upstream sample than in
the downstream sample (Bostick).
The pair-wise comparisons conducted show that the 6” depth samples have higher
concentrations of boron than the 1” depth samples. Particle size and surface area data
have shown that the 6” depth samples have finer particle sizes and larger surface areas
which leads to more locations for boron to be sorbed on the sediments and greater
concentration on the 6” samples. This finding does not correlate with the statistical
analysis of the data which showed no significant difference between 1” and 6” depth
samples. However, it is important to remember that in order to perform statistics on the
1” depth samples versus the 6” depth samples all of the I ” depth samples from all of the
weirs had to be grouped together and that the same had to be done with the 6” depth
samples. This averaging of the data can easily mask concentration differences at
particular locations that are apparent when examining the data visually.
Additionally, the pair-wise comparisons suggest that the downstream samples have,
with slightly higher frequency, higher boron concentrations than the upstream samples.
The particle size and surface area data have shown that the downstream samples have
finer particles and higher surface areas then the upstream samples. Again, this finding
does not correlate with the statistical analysis of the data which showed no significant
difference between upstream and downstream samples.
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Table 26 shows reported boron sediment concentrations from a prior study conducted
by Papelis (2004). These values are higher than the boron concentrations found in the
current project. However the extraction used in the current project was only meant to
remove environmentally available boron and may account for the lower boron
concentrations determined.

Table 26.

Sediment boron concentrations reported from prior studies (mg/kg).
Sediment concentrations
(Papelis 2004)

Sediment boron concentrations (mg/kg)

Las Vegas Wash

7.9-16

Las Vegas Wash (surrounding areas)

13-23

Table 27 shows the reported groundwater boron concentrations from the prior studies
discussed in Chapter 1. As with arsenic and selenium, groundwater may be a potential
source of boron in the Wash.

Table 27.

Groundwater boron concentrations reported from prior studies (mg/L).

Groundwater boron
concentrations (mg/L)

Las Vegas Wash

Average
groundwater
concentration
(Laney and Bales
1996)

Groundwater
concentrations
(Laney and Bales
1996)

3.3

0.2-17.0

Groundwater
concentrations
(Dettinger
1987)

0.03 - 2.6

Las Vegas Valley wells
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The supernatant for each sample was also analyzed for boron (Table 28, Figure 34).
The supernatant concentrations were compared to water quality data from the USGS
NWIS website for the Wash at the Pabco Road station (#09419700). The USGS
measurements for boron in filtered water collected from the Wash at Pabco Road between
2000 and 2002. The supernatant boron concentrations for the Fire Station upstream 1”
depth duplicate samples were 0.42 and 0.55 mg/L. The percent difference was 27%.

Supernatant Boron - All Samples (mg/L)
I U p s tr e a m 1 " d e p th

Pabco

Figure 34.
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G a rd e n s

F ire S ta tio n

Boron supernatant concentrations (mg/L).

The average boron water concentration from that time period was 0.6 mg/L (range
0.3 - 1.0 mg/L). O f the Pabco Road samples in this project, the two upstream samples (1”
and 6” depth) were within the USGS range, but the two downstream samples (1” and 6”
depth) had concentrations above the range, 1.4 and 1.6 |Xg/L, respectively. All of the other
samples fell within the USGS range.
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Table 28.

Boron supernatant concentrations (mg/L).

1" depth
(mg/L)

6" depth
(mg/L)

USGS
Pabco
Road
Average
(mg/L)

Pabco Upstream

0.5

0.5

0.6

0.3 - 1.0

Pabco Downstream

1.4

1.6

---

---

Historic Lateral Upstream

0.6

0.6

---

---

Bostick Upstream

0.5

0.5

---

---

Bostick Downstream

0.4

0.4

---

---

Calico Ridge Upstream

0.3

0.3

---

---

Calico Ridge Downstream

0.5

0.4

---

---

Demonstration Upstream

0.5

---

---

---

Demonstration Downstream

0.4

0.5

---

---

Rainbow Gardens Upstream

0.3

0.5

---

---

Rainbow Gardens Downstream

0.6

---

---

---

Fire Station Upstream

0.4

---

---

---

Fire Station Downstream

0.4

0.4

---

---

Boron Supernatant Concentration
and Comparative Water Values

USGS
Pabco
Road
Range
(mg/L)

Conditional partition coefficients (Kc) were calculated for each sample site (Table
29). For the samples collected from the 1” depth, most of the Kc values ranged from 0.25
to 0.59 L/m^. The exceptions were the Pabco Road downstream sample (0.17 L/m^) and
the Rainbow Gardens upstream sample (0.70 L/m^). The samples collected from the 6”
depth, most of the Kc values ranged from 0.25 to 0.40 L/m^. The exceptions were the
Pabco Road upstream sample (0.18 L/m^), the Pabco Road downstream sample (0.09
L/m^), the Historic Lateral upstream sample (0.14 L/m^), and the Bostick downstream
sample (0.13 L/m^). The Pabco Road downstream samples (1” and 6” depth) had the
highest supernatant concentrations.
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Table 29.

Boron partition coeffiecients (L/m^).
Boron Kc Values

1" depth (L/m^)

6" depth (L/m^)

Pabco Upstream

0.45

0.18

Pabco Downstream

0.17

0.09

Historic Lateral Upstream

0.41

0.14

Bostick Upstream

0.41

0.33

Bostick Downstream

036

0.13

Calico Ridge Upstream

0.46

035

Calico Ridge Downstream

0.40

032

Demonstration Upstream

0.59

---

Demonstration Downstream

0.54

0.31

Rainbow Gardens Upstream

0.70

0.26

Rainbow Gardens Downstream

0.25

---

Fire Station Upstream

0.35

---

Fire Station Downstream

033

0.40

Phosphorus
Total phosphorus concentrations (Table 30, Figures 35-37) ranged from 107 to 276
mg/kg in the samples collected from the top inch of sediment (1” depth). For the samples
collected from 6” below (6” depth), phosphorus concentrations ranged from 94 to 237
mg/kg.
The average sediment phosphorus concentrations for the Fire Station upstream 1”
depth duplicate samples were 143 and 146 mg/kg. The percent difference is 2%. The
percent differences between the certified reference standard and the measured
concentrations were 27, 31, 36, 17, 24, 20, and 16%.
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Table 30.

Mean phosphorus sediment concentrations (mg/kg).

Mean Phosphorus Extraction Concentration

1" depth (mg/kg)

6" depth (mg/kg)

Pabco Upstream

276

237

Pabco Downstream

197

198

Historic Lateral Upstream

184

147

Bostick Upstream

159

163

Bostick Downstream

179

161

Calico Ridge Upstream

107

176

Calico Ridge Downstream

220

94

Demonstration Upstream

174

---

Demonstration Downstream

198

217

Rainbow Gardens Upstream

135

142

Rainbow Gardens Downstream

196

---

Fire Station Upstream

143

---

Fire Station Downstream

117

121
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Mean total phosphorus sediment concentrations (mg/kg).
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Mean phosphorus sediment concentrations, 1" depth (mg/kg).
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Three statistical analyses of the phosphorus data were performed, as described in the
Elemental Data Evaluation Methods section in Chapter 3. The first was a weir-by-weir
analysis. A one-way ANOVA was run on the data to see if there was a statistical
difference between the phosphorus concentrations for each w eir’s sediment. ANOVA
showed statistical significance for the data at a 95% confidence level, F(6, 16) = 3.128,
P<0.05.
Following the ANOVA, a Tukey test indicated where the sediment phosphorus
concentrations were statistically different. The grouped phosphorus sediment
concentrations of the Pabco Road weir (276, 237, 197, and 198 mg/kg) and the Fire
Station weir (143, 117, and 121 mg/kg) were found to be significantly different from each
other, P<0.05. The grouped phosphorus sediment concentrations of the Pabco Road weir
(276, 237, 197, and 198 mg/kg) and the Calico Ridge (107, 176, 220, and 94 mg/kg) weir
were marginally different from each other, P=0.073. The phosphorus concentrations of
both the Fire Station and Calico Ridge weirs, on the whole, were slightly lower than the
other four weirs (excluding Pabco Road) which is most likely why they were shown to be
significantly different than Pabco Road.
The second statistical analysis performed was an independent t-test on the upstream
and downstream data to see if there was a significant statistical difference between the
upstream and downstream sediment phosphorus concentrations. This test showed that the
upstream and downstream data sets were not statistically different at a 95% confidence
level, T(21)=0.078, P=0.783. As with selenium, arsenic, and boron, this suggests that the
weir structures themselves were not, at the time of sampling, causing a significant
difference in the phosphorus concentrations between upstream and downstream and that
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the weirs were not affecting the distribution of phosphorus along the wash.
The last statistical analysis performed was an independent t-test on the 1” and 6”
depth data to see if there was a significant statistical difference between the 1” and 6”
depth sediment phosphorus concentrations. This test showed that the 1” and 6” depth data
sets were not statistically different at a 95% confidence level, T(21)=0.001, P=0.970. This
suggests that phosphorus was not partitioning into the deeper sediments at the time of
sampling.
Examination of the graphs for the total phosphorus sediment data (Figures 35-37)
does not show any trends in concentration distribution in either the upstream or
downstream direction in the Wash. Pair-wise comparisons, as described in the Elemental
Data Evaluation methods section in Chapter 3, were performed on the data. In five out of
ten locations (either upstream or downstream), where data for both 1” and 6” depth
samples existed, the concentration of phosphorus was higher in the 6” depth samples than
in the corresponding 1” depth samples (Pabco Road downstream, Bostick upstream.
Calico Ridge upstream. Demonstration downstream. Rainbow Gardens upstream. Fire
Station downstream). In four out of ten locations the concentration of phosphorus was
higher in the 1” depth samples than in the 6” depth samples (Pabco upstream. Historic
Lateral upstream, Bostick downstream. Calico Ridge downstream). In one out of ten
locations the concentration of phosphorus was the same (difference was less than one
standard deviation) for both the I ” and 6” depth samples. In four out of six of the I ”
depth locations, where both upstream and downstream data existed, the concentration of
phosphorus was larger in the downstream samples than in the upstream samples (Bostick,
Calico Ridge, Demonstration, Rainbow Gardens). In two out of six locations the
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concentration of phosphorus was larger in the upstream samples than in the downstream
samples (Pabco, Fire Station). In all three of the 6” depth locations, where both upstream
and downstream data existed, the concentration of phosphoms was larger in the upstream
samples than in the downstream samples (Pabco, Bostick, Calico Ridge).
The pair-wise comparisons show that the 6” depth samples have higher
concentrations of phosphorus than the I ” depth samples. Particle size and surface area
data have shown that the 6” depth samples have finer particle sizes and larger surface
areas which lead to more sites for phosphorus to be adsorbed on the sediments and
greater selenium concentration on the 6” samples. This finding does not appear to be
consistent with the statistical analysis of the data which showed no significant difference
between I ” and 6” depth samples. However, it is important to remember that in order to
perform statistics on the I ” depth samples versus the 6” depth samples all of the I ” depth
samples from all of the weirs had to be grouped together and that the same had to be done
with the 6” depth samples. This averaging of the data can easily mask concentration
differences at particular locations that are apparent when examining the data visually.
Additionally, the pair-wise comparisons suggest that the upstream samples have,
with slightly more frequency, higher phosphorus concentrations than the downstream
samples. As with arsenic, this may be due to more recently deposited sediments that have
higher phosphorus concentrations due to short water residence time. Again, this finding
does not appear to be consistent with the statistical analysis of the data which showed no
significant difference between upstream and downstream samples.
Table 3 1 shows the reported sediment phosphorus values from the prior research
discussed in Chapter I . The results from Papelis (2004) were inconclusive and the wide
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range of concentrations found were possibly due to laboratory error. The current project
determined total phosphorus while the project conducted by Benner and Papelis (2005)
determined extractable phosphorus, which is only a fraction of the total phosphorus, and
this explains why the current project phosphorus concentrations are much higher.

Table 31.

Sediment phosphorus concentrations from prior studies (mg/kg).

Sediment phosphorus concentrations
(mg/kg)

Las Vegas Wash
Las Vegas Wash surrounding areas

Sediment total
phosphorus
concentrations
(Papelis 2004)

Sediment
extractable
phosphorus
(Bernier and Papelis
2005)

1 .6 -1 5 0

1.9-55.3

1 - 120

Table 32 shows the groundwater phosphorus concentrations reported in the prior
research projects discussed in Chapter 1. Phosphorus could be entering the groundwater
through seepage of urban runoff that has high phosphorus levels due to fertilizers and
other sources. The concentrations reported in Table 32 are fairly high and so the shallow
groundwater may be contributing to the elevated levels of phosphorus found in the
sediments of the Wash.
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Table 32.

Groundwater phosphorus concentrations from prior studies ((Xg/L).

Groundwater
phosphorus
concentrations

(Itg/L)

Average
groundwater
phosphorus
concentration
(Laney and Bales

Groundwater
phosphorus
concentrations
(Laney and Bales

1996)

1996)
Las Vegas Wash

Groundwater
phosphorus
concentrations
(Dettinger 1987)

30 - 700

200

Las Vegas
Valley wells

10 - 630

The supernatant for each sample was analyzed for phosphorus (Table 33, Figure
38). The supernatant concentrations were first compared to water quality data from the
USGS NWIS website for the Wash at the Pabco Road station (#09419700) and to the
average concentrations, at several corresponding site in the Wash, from the LVWCC
water quality monitoring program (Table 33). The USGS measurements for phosphorus
in filtered water collected from the Wash at Pabco Road between 1991 and 2002. The
LVWCC measurements were collected between 2000 and 2006. The supernatant
phosphorus concentrations for the Fire Station upstream 1” depth duplicate samples were
344 and 366 |Xg/L. The percent difference is 6%. The percent differences between the
certified reference standard and the measured concentrations were 24, 20, and 16%.
All of the Pabco Road samples fell within the USGS range (240, 69, 590, and 163
|Xg/L). All but one of the rest of the supernatant samples had concentrations within that
range (Table 33). The Bostick upstream 6” depth supernatant sample had a phosphorus
concentration of 1946 |Xg/L. The Pabco Road upstream 1” depth sample (240 pg/L) was
slightly higher than the corresponding LVWCC average (206 pg/L) and the Pabco Road
downstream 1” depth sample (590 pg/L) was also higher than the corresponding LVWCC
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average (222 pg/L). The Historic Lateral and Demonstration samples from the current
project were also higher than the corresponding LVWCC average concentrations.

Figure 38.

Phosphorus supernatant concentrations (pg/L).
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Conditional partition coefficients (Kc) were calculated for each sample site. For the
samples collected from the 1” depth, the Kc values (Table 34) ranged from 0.04 to 0.12
L/m^ with the exception of the samples from Pabco Road upstream and Rainbow Gardens
upstream, 0.27 and 0.30 L/m^, respectively. The samples collected from the 6” depth
ranged from 0.01 to 0.15 L/m^ with the exception of the samples from Pabco Road
upstream and Calico Ridge upstream, 0.30 and 0.40 L/m^, respectively.
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Table 33.

Phosphorus supernatant concentrations ((ig/L).

1"
depth

6"
depth

LVWCC
average

USGS
Pabco
Road
Average

USGS
Pabco
Road
Range

Pabco Upstream

240

69

206

320

50 - 1000

Pabco Downstream

590

163

222

---

---

Historic Lateral Upstream

291

233

154

---

---

Bostick Upstream

319

1946

---

---

---

Bostick Downstream

320

74

---

---

---

Calico Ridge Upstream

179

57

---

---

---

Calico Ridge Downstream

359

84

---

---

---

Demonstration Upstream

490

---

136

---

---

Demonstration Downstream

619

670

135

---

---

Rainbow Gardens Upstream

69

526

---

---

---

Rainbow Gardens Downstream

283

---

---

---

---

Fire Station Upstream

344

---

---

---

---

Fire Station Downstream

304

303

---

---

---

Phosphorus Supernatant
Concentration and Comparative
Water Values (|Xg/L)

Table 34.

Phosphorus partition coefficients (L/m ).
1" depth (L/m )

6" depth (L/m )

Pabco Upstream

0.27

0.30

Pabco Downstream

0.07

0.13

Historic Lateral Upstream

0.09

0.05

Bostick Upstream

0.08

0.01

Bostick Downstream

0.06

0.15

Calico Ridge Upstream

0.12

0.40

Calico Ridge Downstream

0.12

0.11

Demonstration Upstream

0.04

---

Demonstration Downstream

0.06

0.05

Rainbow Gardens Upstream

0.30

0.03

Rainbow Gardens Downstream

0.05

---

Fire Station Upstream

0.04

---

Fire Station Downstrearh

0.09

0.06

Phosphorus Kc Values
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CHAPTER 5

CONCLUSIONS
This study was conducted in order to provide additional data to the already existing,
but sparse, sediment quality data for the Wash, to relate elemental concentrations to
sediment characteristics, and to begin to develop a conceptual model for metals and
nutrient interactions with sediments in the arid and semi-arid southwestern United States.
Sampling and analysis of sediments from upstream and downstream of seven erosion
control structures in the Wash were conducted to determine what effect the erosion
control structures might have on the distribution of selected metals and nutrients in the
Wash. Physicochemical characterization of the sample sediments was conducted prior to
chemical analyses of selenium, arsenic, boron, and phosphoms concentrations.
Extraction and analysis of environmentally available selenium in the sediment
samples revealed that all of the samples had selenium concentrations above the concern
level (Table 10) and ORNL plant SPV (Table 9), both of which are 1 ppm. This finding is
not unexpected because it is known that the Western U. S. and, more specifically, areas
near the Wash have elevated levels of selenium in the soil. Two of the samples had
selenium concentrations above the 4ppm effect level (Table 10); Bostick upstream 6”
depth (4.4 ppm) and Rainbow Gardens downstream 1” (4.9 ppm).
The mean concentration of selenium was 2.3 ppm, while the median concentration
was 2.1 ppm. While not above the effect level, the samples with selenium concentrations
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above the mean were: Bostick downstream 1” depth (3.3 ppm), Fire Station upstream 1”
depth (2.9 ppm), Pabco downstream 6” depth (2.9 ppm). Fire Station downstream 6”
depth (2.8 ppm). Historic Lateral upstream 1” depth (2.4 ppm), and Demonstration
upstream 1” depth (2.4 ppm). Bank stabilization and other restoration activities were
occurring around the Historic Lateral, Rainbow Gardens, and Fire Station structures at
the time of sampling. These activities were disturbing both the bank soils and the
sediments within the Wash. Introduction of selenium rich soil into the system at those
sites may explain the elevated levels of selenium found in the Historic Lateral, Rainbow
Gardens, and Fire Station samples and also the Bostick samples because the Bostick Weir
is just downstream of the Historic Lateral weir. The Demonstration weir is the oldest (8
years old) structure out of the seven sampled. The Pabco Road, Historic Lateral, and Fire
Station structures were also among the oldest structures (7 years old). Because of their
ages, these structures may have had more time to accumulate both sediments and
selenium in those sediments. Also, groundwater that is high in selenium may be another
source in the Wash sediments.
Extraction and analysis of environmentally available arsenic in the sediment revealed
that all but four of the samples had arsenic concentrations below the ORNL plant SPV
(10 ppm; Table 9), the 33 ppm concern level (Table 10), and the 85 ppm effect level
(Table 10). The four samples that had concentrations about the SPV were: Demonstration
upstream and downstream 1” depth (10.6 and 10.0 ppm). Rainbow Gardens downstream
1” depth (23.2 ppm), and Fire Station upstream 1” depth (11.7 ppm).
The mean concentration of arsenic was 7.8 ppm and the median concentration was
7.4 ppm. While not above the SPV, the samples with arsenic concentrations above the
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mean were: Pabco downstream 1” depth sample (9.1 ppm), both the Rainbow Gardens
upstream 1” depth sample and 6” depth sample (8.9 ppm each), Bostick downstream 1”
depth (8.6 ppm), and Pabco Road downstream 6” depth (8.4 ppm). As previously
discussed, introduction of soil by restoration activities in and around the Wash at several
locations may explain the higher concentrations of arsenic found in the Bostick, Rainbow
Gardens, and Fire Station samples. Again, as previously noted, the Demonstration and
Pabco Road structures were also among the oldest structures and so these structures may
have had more time to accumulate both sediments and arsenic in those sediments. Also
groundwater high in arsenic may be a source of arsenic in the sediments in the Wash.
Extraction and analysis of environmentally available boron in the sediment revealed
that all of the samples had boron concentrations equal to or above the ORNL plant SPV
(0.5 ppm; Table 9). Both the mean and median concentration of boron was 1.2 ppm. The
samples with concentrations of boron above the mean were: Rainbow Gardens
downstream 1” depth (2.2 ppm). Demonstration upstream 1” depth (2.1 ppm). Fire
Station upstream 1” depth (1.6 ppm). Historic Lateral upstream 1” depth (1.5 ppm), and
Bostick upstream 6” depth, Bostick downstream 1” depth (1.4 ppm). Rainbow Gardens
upstream 6” depth (1.4 ppm), Bostick upstream 1” depth (1.2 ppm). Calico Ridge
downstream 6” depth (1.2 ppm). Demonstration downstream 6” depth (1.2 ppm), and
Rainbow Gardens upstream 1” depth (1.2 ppm). As with selenium and arsenic, soil
disturbances and introduction of soil into the Wash may explain the elevated levels of
boron found in the Historic Lateral, Bostick, Rainbow Gardens, and Fire Station samples.
As previously noted, the Demonstration, Historic Lateral, and Fire Station structures were
also among the oldest structures and so these structures may have had more time to
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accumulate both sediments and boron in those sediments. Also groundwater high in
boron may be a source of boron in the Wash sediments.
There were no SPVs or concern and effect levels for phosphorus as it is not
considered toxic. However, as mentioned in the Elements of Interest section, phosphorus
can trigger eutrophication as it is usually a limiting nutrient for algae growth. The mean
concentration of phosphorus was 171 ppm and the median concentration was 174 ppm.
The samples with concentrations of total phosphorus above the mean were: Pabco
upstream 1” depth (276 ppm), Pabco upstream 6” depth (237 ppm). Calico Ridge
downstream 1” depth (220 ppm). Demonstration downstream 6” depth (217 ppm), Pabco
downstream 6” depth (198 ppm). Demonstration downstream 1” depth (198 ppm), Pabco
downstream 1” depth (197 ppm). Rainbow Gardens downstream 1” depth (196 ppm).
Historic Lateral upstream 1” depth (184 ppm), Bostick downstream 1” depth (179 ppm),
and Calico Ridge upstream 6” depth (174 ppm). Four of the samples with the highest
concentrations of phosphorus were from the Pabco structure. Out of all of the structures
where samples were taken, the Pabco weir is located furthest upstream. This location
makes Pabco the closest weir to the wastewater effluent discharges. While there is a limit
to how much phosphorus can be present in the effluent, some phosphorus is still
discharged. This might explain why the Pabco samples have higher phosphorus
concentrations. As previously noted, the Demonstration, Pabco Road, and Historic
Lateral structures were also among the oldest structures and so these structures may have
had more time to accumulate both sediments and phosphorus in those sediments.
Groundwater and runoff with a high concentration of phosphorus may be a source in the
Wash sediments.
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Table 35 shows the locations of samples that have selenium, arsenic, boron, and
phosphorus sediment concentrations above the average concentration for each element.
The Pabco Road downstream 6” depth, the Bostick downstream 1” depth. Demonstration
downstream 1” depth, and Fire Station upstream 1” depth samples had above average
concentrations of all four elements. The Historic Lateral upstream 1” depth.
Demonstration downstream 1” depth, and Rainbow Gardens downstream 1” depth
samples had the higher concentrations of three out of the four elements. As stated
previously, activities and soil disturbances in and around the Wash and age of the
structures may explain the elevated levels of the elements found at these structures.
Examination of Table 35 shows that four out of seven of the samples, where at least 3
of the 4 elements had concentrations above the average, were located downstream of the
respective structure. This finding correlates with results from the physicochemical
characterization which showed that the downstream samples tended to have finer
particles and higher surface areas than the upstream samples. Four out of seven samples,
where at least 3 of the 4 elements had concentrations above the average, had BET
surfaces areas above the average (Table 12). This result also correlates well with the
characterization information, because higher element concentrations would be expected
with higher surface areas.
Additionally, six out of seven of the samples were obtained from the 1” depth
sediment. This does not correlate with particle size or BET surfaces area results which
showed that the 6” depth samples tended to have finer particles and larger surface area
than the 1” samples. The distribution observed, may instead be related to the residence
time of the sediments or construction activities taking place. For example, more
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Table 35.

Elemental sediment concentrations above mean (mg/kg).
Selenium
above
mean
(2.3 ppm)

Arsenic
above
mean
(7.8 ppm)

Boron
above
mean
(1.2 ppm)

Phosphorus
above
mean
(171 ppm)

Pabco Road Upstream 1"

X

Pabco Road Upstream 6"

X

Pabco Road Downstream 1"

X

Pabco Road Downstream 6"

X

Historic Lateral Upstream 1"

X

X

X
X

X

X

X

Historic Lateral Upstream 6"
Bostick Upstream 1"

X

Bostick Upstream 6"

X

Bostick Downstream 1"

X

X
X

X

X

Bostick Downstream 6"
Calico Ridge Upstream 1"
Calico Ridge Upstream 6"

X

Calico Ridge Downstream 1"

X

Calico Ridge Downstream 6"
Demonstration Upstream 1"

X
X

Demonstration Downstream 1"

X

X

X

X

X

X

Demonstration Downstream 6"

X

Rainbow Gardens Upstream 1"

X

X

Rainbow Gardens Upstream 6"

X

X

Rainbow Gardens Downstream 1"

X

X

X

Fire Station Upstream 1"

X

X

X

X

Fire Station Downstream 1"
Fire Station Downstream 6"

X

recently deposited sediments, either from bank erosion or construction activities, may
have higher nutrient and metal concentrations and if their residence time in the water was
short, it is reasonable to expect that higher nutrient and metal concentrations might still
remain on the sediments.
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Examination of the mineralogy of the samples (Table 13) shows that five out of
seven of the samples, where at least 3 of the 4 elements had concentrations above the
average, were comprised of a less than average percentage of quartz. Additionally, five
out of seven samples, where the at least 3 of the 4 elements had concentrations above the
average, were comprised of an above average percentage of calcite and dolomite. The
results clearly indicate that particle morphology and mineralogy are correlated with
metalloid and nutrient sediment loading.
In summary, the results show that samples with lower percentages of quartz and/or
higher percentages of calcite and dolomite, samples located immediately downstream of
an erosion control structure, and samples with an above average surfaee area are more
likely to have a higher than average concentration of selenium, arsenic, boron, and
phosphorus. Additionally, restoration activities that disturb and relocate bank soils and
sediments in the Wash may help to elevate levels of the elements of interest near those
areas, at least temporarily. The age of the structure may also be a factor in higher than
average accumulation of selenium, arsenic, boron, and phosphorus. Groundwater with
high concentrations of the elements leached from the soil may also be an important
source in the Wash. Other possible causes of higher than average elemental
concentrations are unknown elemental sinks and sources around and within the Wash.
Clearly, the Las Vegas Wash is a very dynamic system and will remain so, at least for
the next few years and as long as erosion control and restoration activities continue. In
addition, the planned reduction of treated effluent discharge in the Wash within the next 5
years will further contribute to maintaining such a highly dynamic system. Continued
monitoring of the system is therefore highly recommended. The results reported here,
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however, although only a snapshot of the system, clearly demonstrate the usefulness of
careful sediment characterization for the interpretation of observed trends in nutrient and
metalloid distribution in a heavily managed urban watershed.
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